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resumo 
 
 
A braquiterapia é um método radioterapêutico minimamente invasivo, onde são 
implantadas pequenas "sementes radioactivas" (com o tamanho de um grão de 
arroz) junto ao tumor ou no seu interior, minimizando assim a interação com os 
tecidos saudáveis adjacentes. Este tipo de intervenção permite reduzir o 
desconforto e os efeitos colaterais associados a outras técnicas. Usualmente, 
a dose absorvida é determinada por um dosímetro. Um dosímetro é um 
dispositivo capaz de fornecer uma leitura correspondente à dose depositada 
num volume sensível pela radiação ionizante. Os dosímetros mais básicos são 
detectores a 1D (1 dimensão) frequentemente baseados em propriedades 
radioluminescentes (RL), luminescência estimulada opticamente (OSL) e 
termoluminescentes (TLD). Os dosímetros disponíveis comercialmente são 
geralmente demasiado volumosos e têm propriedades radiológicas distintas 
dos tecidos biológicos, implicando o recurso a factores de correcção para 
correspondência da dose na água/tecido. 
 
Os trabalhos desenvolvidos visam avaliar a viabilidade das fibras ópticas 
cintilantes na medição da dose absorvida, em especial em registos de baixa 
taxa de dose, como é o caso de algumas modalidades em braquiterapia. Para 
isso, numa situação de baixo nível de luz é necessário um fotodetector de 
elevado ganho e capacidade de detecção de fotão único. Nesse sentido, 
pretende-se avaliar os recentes fotomultiplicadores de estado sólido (SiPM), 
sendo os MPPCs (Multi-Pixel Photon Counter) um destes fotodíodos de 
avalanche operando em modo Geiger. 
 
Foi desenvolvido um protótipo inicial de um dosímetro com características 
interessantes. São apresentados os resultados preliminares. 
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abstract 
 
Brachytherapy is a minimally invasive method for radiation therapy, by which 
small radioactive "seeds" (by the size of a grain of rice) are deployed near the 
tumor, minimizing the interaction with surrounding healthy tissues and reducing 
the intervention discomfort and side effects. Dosimeters are usually used for 
local absorbed dose determination. Some of the most common dosimeters, 
such as ionization chambers, silicon diodes, LiF (Thermo Luminiscent 
Dosimeters), film or diamond dosimeters, are usually bulky and have 
radiological properties distinct from biological tissues, implying correction 
factors for measured dose correspondence in water/tissue.  
 
Usually, the absorbed dose is determined with an dosimeter, which  is a device 
capable of providing a reading corresponding to the dose deposited in the 
sensitive volume by ionizing radiation. The dosimeters commercially available 
are generally too bulky and have different radiological properties of biological 
tissues, implying the use of correction factors to match the dose in water/ 
tissue. 
 
Current work aimed to evaluate the feasibility of scintillating optical fibers in the 
measurement of absorbed dose, especially in low dose rates, as is the case in 
some brachytherapy procedures. To quantify the low light level is required a 
photodetector with high gain single photon detection capability.  
Accordingly, were evaluated the latest solid-state photomultiplier (SiPM), as the 
MPPCs (Multi-Pixel Photon Counter) which are avalanche photodiodes 
operating in Geiger mode. 
 
An initial prototype of a dosimeter was developed showing some interesting 
features. Preliminary results are presented. 
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$%H'/'#:+! '#*/'! +! '#'/-%+! $6! H6*;6! %#&%$'#*'! '! +! '#'/-%+! $'! 2%-+:;6! $6! '2'&*/;6! #+! 6/1%*+2! 6#$'! )'!
'#&6#*/+E+a!E%#$6!'#*;6P!
! Q&%#?*%&+ÑQH6*;68Q2%-+:;6! ^QtO!<O<_!
3+)6!6!H6*6'2'&*/;6!46)).+!'#'/-%+!).H%&%'#*'a!')*'!46$'/v!4/6$.u%/!%6#%u+:s')!+$%&%6#+%)!'!+!'L&%*+:;6!
$'!6/1%*+%)!+*B>%&+)!6/%-%#+#$6!/+$%+:;6!)'&.#$v/%+O!!
K4B)!+!%#*'/+&:;6!$6!H6*;6!&6>!6!'2'&*/;6!'!&6#)'t.'#*'!'>%));6!$6!H6*6'2'&*/;6a!6!v*6>6!'#&6#*/+8)'!
#.>! ')*+$6! 'L&%*+$6a! &6>! .>+! 2+&.#+! #+! 6/1%*+2! $'! 6#$'! H6%! /'>6E%$6! 6! '2'&*/;6O! U'-.%$+>'#*'! 6!
v*6>6!/'*6>+!!).+!&6#H%-./+:;6!>+%)!')*vE'2!'!+!'#'/-%+!&6//')46#$'#*'!!Q2%-+:;6!?!2%1'/*+$+!#+!H6/>+!
$'! /+%68R! &+/+&*'/5)*%&6! 'x6.! .>! '2'&*/;6! $'! K.-'/! ^,%-./+! <OA_! `<cO! K! 4/61+1%2%$+$'! $'! '>%));6! $'!
/+%68R!&+/+&*'/5)*%&6)!$%>%#.%!!>'$%$+!t.'!6!#w>'/6!+*B>%&6!$6!>'%6!+1)6/E'#*'!$%>%#.%a!46/!'))+!
/+u;6!')*'!4/6&'))6!#;6!6&6//'!&6>!H/'t.J#&%+!4+/+!+)!'#'/-%+)!$'!H6*s')!4+/+!$%+-#B)*%&6!'>!*'&%$6)!
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!
,%-./+!<OAP!QH'%*6!H6*6'2?&*/%&6!`@fcO!
K!4/61+1%2%$+$'!$'!6&6//J#&%+!$'!H6*6+1)6/:;6!?!>+%6/!4+/+!6)!'2'&*/s')!$+!&+>+$+!pa!)'#$6!')*')!6)!
>+%)!%>46/*+#*')!$+!-+>+!$'!'#'/-%+)!4+/+!1/+t.%*'/+4%+!`<cO!
!
9:*')(!<(1,)(3!
36#*/+/%+>'#*'! +6! 'H'%*6! H6*6'2?&*/%&6a! #')*'! &+)6! +6! %#*'/+-%/! &6>! .>! '2'&*/;6! 6! H6*;6! R! 6.! -+>+!
%#&%$'#*'! */+#)H'/'! 4+/+! 6! '2'&*/;6! +4'#+)! .>+! 4+/*'! $+! ).+! '#'/-%+a! /').2*+#$6! $')*'! 4/6&'))6! +!
$%)4'/);6!$6!H6*;6O!T!$?H%&'!$'!'#'/-%+!#6!H6*;6!$%)4'/)+$6!&6//')46#$'!!'#'/-%+!*/+#)H'/%$+!4+/+!6!
'2'&*/;6!$'!/'&.6!#6!4/6&'))6!$'!%#*'/+&:;6O!T!'2'&*/;6!/'>6E%$6!+6!v*6>6!46$'!+$t.%/%/!.>+!'#'/-%+!
&6#)%$'/vE'2a! 'L%)*%#$6! +! 4/61+1%2%$+$'! $')*'! '2'&*/;6! 2%E/'! 4/6$.u%/! .>+! )'-.#$+! %6#%u+:;6! '!
'L&%*+:;6!+#*')!$'!E62*+/!+6!/'46.)6!`Fa!@7cO!K))%>a!6!H6*;6!"!!)6H/'!.>!$')E%6!/'2+*%E+>'#*'!!$%/'&:;6!
$'! 4/64+-+:;6! %#%&%+2a! 46$'#$6! '>'/-%/! $6! >+*'/%+2! 6.! %#*'/+-%/! #6E+>'#*'! &6>! 6.*/6! '2'&*/;6a!
4'/$'#$6! '#'/-%+! '>! &+$+! %#*'/+&:;6! `<FcO! T! H6*;6! $%)4'/)6! *'/va! &6#)'t.'#*'>'#*'a! >+%6/!
&6>4/%>'#*6!$'!6#$+!^>'#6/!'#'/-%+_!t.'!6! H6*;6! %#&%$'#*'O!36>!+!)'t.J#&%+!$'! %#*'/+&:;6!6! H6*;6!
$%)4'/)+$6!E+%!4'/$'#$6!'#'/-%+a!*6/#+#$68)'!>+%6/!+!4/61+1%2%$+$'!$'!6&6//'/!'H'%*6!H6*6'2?&*/%&6!6.!
$%)4'/);6!$'!=+z2'%-GO!
!
,%-./+!<OCP!QH'%*6!36>4*6#!^6.!$%)4'/);6!%#&6'/'#*'_!/'4/')'#*+#$6!+!%#*'/+&:;6!$'!.>!H6*;6!&6>!.>!'2'&*/;6!$6!v*6>6!`@fcO!
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K!/'2+:;6!'#*/'!+!'#'/-%+! */+#)H'/%$+!4+/+!6!'2'&*/;6!'!6!Å#-.26!$'!$%)4'/);6!?!$+$+!4'2+!'L4/'));6!
`<FcP!
! hv ' = hv1+ hv /m0c2.(1! cos! )
!
^QtO!<O@_!
X'/%H%&+8)'! t.'! +! 4't.'#6)! Å#-.26)! &6//')46#$'>! */+#)H'/J#&%+)! $'! 1+%L+! '#'/-%+O! K! $%)4'/);6! $'!
36>4*6#! ?! &6#)%$'/+$+! &6>6! .>! 4/6&'))6! %#'2v)*%&6! +4')+/! $+! $')&/%:;6! &%#'>v*%&+! )'/! +! $'! .>+!
&62%);6!'2v)*%&+!`<IcO!
!
!
-#=#!<(*:'7'*3)*/!&*!'3)*+%756(!
K! +1)6/:;6! H6*6'2?&*/%&+! '! +! $%)4'/);6! &6'/'#*'! '! %#&6'/'#*'! );6! %#*'/+&:s')! %#$'4'#$'#*')O! K!
4/61+1%2%$+$'! $+! ).+! %#*'/+&:;6! &6>! +! >+*?/%+! 46$'! )'/! $')&/%*+! '>! *'/>6)! $6)! &6'H%&%'#*')! $'!
%#*'/+&:;6! `<cO! Q)*')! &6'H%&%'#*')! $')&/'E'>! +! */+#)>%));6! $'! /+$%+:;6a! */+#)H'/J#&%+! $'! '#'/-%+! '!
$'46)%:;6!$'!'#'/-%+!#+!>+*?/%+O!!
!
.)/0%1%/&'/2$*/$3'/&+3,-)$
D+/+! .>! H'%L'! $'! H6*s')! >6#6'#'/-?*%&6)a! +! +2*'/+:;6! #+! %#*'#)%$+$'! $6! H'%L'! +! .>+! $%)*Å#&%+! $'!
4/64+-+:;6!]!#.>!&'/*6!>+*'/%+2!46$'!)'/!'L4/'))+!$+!)'-.%#*'!H6/>+P!
! I = I0e!µx ! ^QtO!<OA_!
T#$'!µ  &6//')46#$'!+6!&6'H%&%'#*'!$'!+*'#.+:;6! 2%#'+/O!K!/+u;6! 3d3e!$')&/'E'!+!t.+#*%$+$'!$'! H6*s')!
t.'!4'/>+#'&'!$'46%)!$'!+*/+E'))+/!.>+!$%)*Å#&%+!]!$6!>+*'/%+2!`@<cO!!
K6!+*/+E'))+/!.>!$+$6!>+*'/%+2a! +! +*'#.+:;6!t.'!.>! H'%L'!$'! /+$%+:;6! )6H/'! /').2*+!$+! /'>6:;6!$'!
H6*s')! $6! H'%L'a! *+#*6! 46/! +1)6/:;6! &6>6! *+>1?>! 46/! $%)4'/);6! $'! H6*s')! 4/%>v/%6)! `@fcO! Q))+!
+*'#.+:;6!*'>!$'4'#$J#&%+!&6>!6!&6'H%&%'#*'!$'!+*'#.+:;6!2%#'+/!µ!^>87_a!&6>!+!'#'/-%+!$6!H6*;6!W#!'!
&6>! 6! Y! $6! >'%6! +*'#.+$6/! `FcO! T! &6'H%&%'#*'! $'! +*'#.+:;6! 2%#'+/! */+$.u! +! H/+&:;6! $6! H'%L'! t.'! ?!
+1)6/E%$6! 6.! t.'! )6H/'! $%)4'/);6! 46/! .#%$+$'! $'! ')4'))./+! $6!>+*'/%+2O! K! 4+/*%/! $6! &6'H%&%'#*'! $'!
+*'#.+:;6! 2%#'+/! 46$'8)'! ')&/'E'/! 6! &6'H%&%'#*'! >v))%&6! $'! +*'#.+:;6! µ>! ^><É-87_a! )'#$6! ')*'!
&6'H%&%'#*'!%#$'4'#$'#*'!$6!')*+$6!H5)%&6!$6!>+*'/%+2!+1)6/E'#*'!`@7ca!E%#$6P!
! µm =
µ
! !
^QtO!<OC_!
6#$'!$!?!+!$'#)%$+$'!E62w>%&+!$6!>'%6O!
D6$'8)'! ')&/'E'/! 6! &6'H%&%'#*'! $'! +*'#.+:;6! 2%#'+/! &6>6! +! )6>+! $+)! &6#*/%1.%:s')! $6)! $%H'/'#*')!
4/6&'))6)!$'!%#*'/+&:;6a!*+2!t.'P!
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! µ=µCompton+µRayleigh+µ ef.fotoeléctrico ! ^QtO!<OF_!
K! 'L4/'));6! +#*'/%6/! ?! 4+/+! '2'>'#*6)! 4./6)a! 4+/+! +42%&+/! ')*+)! 't.+:s')! +! .>! $+$6! >+*'/%+2a! 6)!
&6'H%&%'#*')!$'!+*'#.+:;6!)6>+>8)'!*'#$6!'>!&6#*+!6!4')6!$'!&+$+!'2'>'#*6!#+!&6>46)%:;6!`<cO!
Z+!,%-./+!<OF!')*;6!/'4/')'#*+$6)a!4+/+!6!*'&%$6!>62'a!6)!&6'H%&%'#*')!$'!+*'#.+:;6!^4+/+!+)!$%H'/'#*')!
%#*'/+&:s')_!'>!H.#:;6!$+!'#'/-%+!$6)!H6*s')!%#&%$'#*')O!X'/%H%&+8)'!t.'!4+/+!H6*s')!$'!1+%L+!'#'/-%+!
^y@fÉ'X_!6!'H'%*6!H6*6'2?&*/%&6!4/'$6>%#+O!36#E?>!/'2'>1/+/!t.'!6!'H'%*6!H6*6'2?&*/%&6!$'4'#$'!#;6!
)B!$+!'#'/-%+!$6!H6*;6!>+)!*+>1?>!$6!Y!$6!>'%6!+1)6/E'#*'!^,%-./+!<O<_!`@fcO!
!
,%-./+!<OFP!36'H%&%'#*')!>v))%&6)!$'!+*'#.+:;6!'>!H.#:;6!$+!'#'/-%+!$6)!H6*s')!%#&%$'#*')!'>!*'&%$6)!>62')!`@fcO!
!
-#>#!?+'370,'(/!@*+%'/!,%+%!%!&*)*+1'3%56(!&%!&(/*!*!7%;'A+%56(!&*!&(/01*)+(/!
T!*/+*+>'#*6!$'!$6'#:+)!$6!H6/6!6#&62B-%&6!&6>!/'&./)6!+!/+$%+:;6!/').2*+!$+!%#*'/+&:;6!$+!/+$%+:;6!
&6>!6)!*'&%$6)!1%62B-%&6)O!K!H/+&:;6!$'!'#'/-%+!$'!.>!&+>46!$'!/+$%+:;6!t.'!?!+1)6/E%$+!4'26!&6/46!?!
$'4'#$'#*'!$+!'#'/-%+a!4'26!t.'!?!&6#E'#%'#*'!$%)*%#-.%/!'L46)%:;6!!/+$%+:;6!$'!$6)'!+1)6/E%$+!`@@cO!
K! .#%$+$'! $'! 'L46)%:;6! ^&6.26>1! 46/! t.%26-/+>+a! 3OÉ-87_! ?! .>+! .#%$+$'! /+$%6>?*/%&+! '! #;6!
$6)%>?*/%&+a!)'#$6!1+)'+$+!#+! %6#%u+:;6!$6!+/O!Q>!$6)%>'*/%+a!+!t.+#*%$+$'!H5)%&+!4/%#&%4+2!?!+!$6)'!
+1)6/E%$+!`@AcO!K!.#%$+$'!U9!$'!$6)'!$'!/+$%+:;6!+1)6/E%$+!?!$')%-#+$+!46/!B+%^#^Mz_!t.'!&6//')46#$'!
+! .>! Ä6.2'! 46/! t.%26-/+>+! `@@cO! K! $6)'! +1)6/E%$+! &6//')46#$'! ! '#'/-%+! $'46)%*+$+! 4'2+! /+$%+:;6!
%6#%u+#*'!^&Q_!46/!.#%$+$'!$'!>+))+!$6!>+*'/%+2!^&>_!`@fcP!
!
!"#$!!"#$%&'(! !
!!
!!
!
^QtO!<OI_!
K! $6)'! +1)6/E%$+! ?! .>+! t.+#*%$+$'! >?$%+! #;6! /'H2'&*%#$6! ')*+*%)*%&+>'#*'! 6.! ')*6&+)*%&+>'#*'! +!
#+*./'u+!$+!'#'/-%+!$'46)%*+$+!4'2+!/+$%+:;6!%6#%u+#*'!#+!>+*?/%+! `@AcO!D6/!'))+!/+u;6!?!H/'t.'#*'!6!
.)6!$'!6.*/+)!.#%$+$')!'>!$6)%>'*/%+O!!
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K! '#'/-%+! &'$%$+! 46/! H6*s')x#'.*/s')! 46/! .#%$+$'! $'! >+))+! $'! .>! $+$6! >+*'/%+2! ?! $'H%#%$+! 4'2+!
'#'/-%+! &%#?*%&+! %#%&%+2! $'! *6$+)! +)! 4+/*5&.2+)! &+//'-+$+)! &6>! 6/%-'>! '>! /+$%+:;6! %#$%/'&*+>'#*'!
%6#%u+#*'!'!?!$')%-#+$+!46/![;$UP! 8!['4*)'9#;4*+B^#$*=*%/*&#,*+#54')#U%//! ^p_! `Fa!@AcO!Q)*+!.#%$+$'!
*'>! %#*'/'))'! 46%)! %#H6/>+! t.+#*6! ! '#'/-%+! &%#?*%&+! %#%&%+2! $+)! 4+/*5&.2+)! %6#%u+#*')! 4/%>v/%+)!
^H6*6'2'&*/s')a!'2'&*/s')!$'!36>4*6#a!'*&_!6/%-%#+$6)!46/!/+$%+:;6!#;6!%6#%u+#*'!&6>6!#6!&+)6!$'!/+%68
R!'!/+$%+:;6!-+>+!`Fa!@@cO!K)!.#%$+$')!U9!4+/+!f*+1%!);6!Ä6.2'xt.%26-/+>+!^rxÉ-_O!K4')+/!$'!f*+1%#'!
$6)'!4+/*%2G+/'>!+)!>')>+)!.#%$+$')!);6!$%H'/'#*')!t.+#*%$+$')a!4'26!t.'!f*+1%!?!.>+!>'$%$+!$'!
*6$+! +! '#'/-%+! */+#)H'/%$+! 46/! .>+! 4+/*5&.2+! )'>! &+/-+! ^H6*;6! 6.! #'.*/;6_! +! 4+/*5&.2+)! %6#%u+#*')!
4/%>v/%+)!+6!4+))6!t.'!$6)'!?!.>+!>'$%$+!$+!'#'/-%+!+1)6/E%$+!46/!.#%$+$'!$'!>+))+!`@@cO!D+/+!/+%68
R!'!H6*s')!-+>+!6!f*+1%!46$'!)'/!$'*'/>%#+$+!+!4+/*%/!$6!&6'H%&%'#*'!$'!*/+#)H'/J#&%+!>+))+!'#'/-%+!'!
$+!H2.J#&%+!$'!'#'/-%+!`@fcO!S'#6)!&6>.>!?!6!/'&./)6!!.#%$+$'!9*1%#8!?(4Q*+)*&#;4*+B^#,*+#54')#U%//!
^rxÉ-_a! t.'! &6//')46#$'! ! '#'/-%+! 4'/$%$+! 46/! 4+/*5&.2+)! &+//'-+$+)! '>! &62%)s')! '2'&*/B#%&+)! #.>!
$+$6!>+*'/%+2O!Q)*+!-/+#$'u+!?!+42%&vE'2!+!/+$%+:;6!$%/'&*+>'#*'! %6#%u+#*'!&6>6!'2'&*/s')!'!4/6*s')!
`Fc! '! &6#*'>42+! +! '#'/-%+! $+)! 4+/*5&.2+)! %6#%u+#*')! 4/%>v/%+)! 'L&2.%#$6! &6#*.$6! 6)! '2'&*/s')!
)'&.#$v/%6)!6/%-%#+$6)!46/!')*+)!`<cO!!
K&*.+2>'#*'a!6!H6/>+2%)>6!4+/+!$6)%>'*/%+!)'-.'!6)!/'2+*B/%6)!$+!X%/f#N+(5,#g(#2>!^0M8A@_!$+!KKDS!
^P1*+'9%4#P//(9'%)'(4#(<#AW^/'9'/)/# '4#U*&'9'4*_! `@CcO! Q)*')! /'2+*B/%6)! %#&2.'>! /'&6>'#$+:s')! 4+/+! +!
$6)%>'*/%+! $'! H6#*')! $'! /+$%+:;6! 4+/+! 1/+t.%*'/+4%+! %#*'/)*%&%+2! '! 6! H6/>+2%)>6! +))6&%+$6! 4+/+!
$'*'/>%#+:;6! $+! $6)'O! Q)*'! /'2+*B/%6! %#*/6$.u%.! *+>1?>! +2-.>+)! $+)! t.+#*%$+$')! '! 4+/Å>'*/6)!
$6)%>?*/%&6)!*'#$6!'>!&6#)%$'/+:;6!6!$')%-#!$'!.>+!$+$+!H6#*'!`<IcO!T!H6/>+2%)>6!$+!0M8A@!1+)'%+8
)'!#+!%'+#f*+1%#/)+*4B)W!^Fp_!4+/+!$'*'/>%#+/!+!H6/:+!$+!H6#*'!`<ca!*'#$6!*+>1?>!'>!&6#*+!+!-'6>'*/%+!
$+!H6#*'a!4+/+!>+%)!$'*+2G')!E'/!`@Ca!@FcO!V')*'!/'2+*B/%6!/').2*+!*+>1?>!+!+$64:;6!$+!v-.+!&6>6!>'%6!
$6)%>?*/%&6!$'!/'H'/J#&%+a!+))%>!&6>6!6)!>+*'/%+%)!v-.+!'t.%E+2'#*')!`<cO!
!
,%-./+!<OIP!M'6>'*/%+!'!4+/Å>'*/6)!$6!4/6*6&626!$+!0M8A@!4+/+!H6#*')!&%25#$/%&+)!`<a!@CcO!
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V'!+&6/$6!&6>!6!4/6*6&626!$+!0M8A@a!+!*+L+!$'!$6)'! D. ^+h%_!#.>!46#*6!D^+h%_!+!.>+!$+$+!$%)*Å#&%+!$+!
H6#*'!^,%-./+!<OI_!?!$+$+!46/P!
D
.
(r,!)= SK!
G(r,!)
G(r0,!0)
g(r)F(r,!) !
6#$'!+! &6//')46#$'!!$%)*Å#&%+!/+$%+2!$6!&'#*/6!$+! H6#*'!'!%!6!Å#-.26!462+/O!K!.#%$+$'!$'!%'+#f*+1%#
/)+*4BW)!^Fp_!?!Na!*+2!t.'!7!N!Ñ!7µMz!><G87O!K!&6#)*+#*'!$+!*+L+!$'!$6)'!?!/'4/')'#*+$+!46/!'a!)'#$6!'!
'L4/'))+! '>! .#%$+$')! $'! &MzG87N87O! K)! H.#:s')! -'6>?*/%&+)! N^+h%_! '! N^+fh%0_! );6! t.+#*%$+$')!
+$%>'#)%6#+%)O!K)! H.#:s')!B^+_!'!K^+h%_!&6//')46#$'>!! H.#:;6!/+$%+2!$'!$6)'!'! H.#:;6!+#%)6*/B4%&+a!
/')4'&*%E+>'#*'O!K!4/%>'%/+!$')&/'E'!6!$'&/?)&%>6!$+!$6)'!$'46)%*+$+!#6!42+#6!*/+#)E'/)+2!$'E%$6!!
$%)4'/);6!'!+*'#.+:;6!$6)! H6*s')a!+!)'-.#$+!$')&/'E'!+!E+/%+:;6!#+!$6)'!'>!H.#:;6!$6!Å#-.26!462+/!
/'2+*%E+>'#*'! +6! 42+#6! */+#)E'/)+2O! Z+! /'H'/J#&%+! `<c! ?! +4/')'#*+$+! $'! H6/>+! ).&%#*+! +)! 4/%#&%4+%)!
6/%'#*+:s')! $6! /'2+*B/%6! /'H'/%$6a! +))%>! &6>6! 46)*'/%6/')! +&*.+2%u+:s')! '! &6>42'>'#*6)! +6!
$6&.>'#*6! %#%&%+2O! K! &6>42'L%$+$'! $6! 4/6&'))6! $'! &+2%1/+:;6! $'! .>! $6)5>'*/6! 'L%-'! 6! &6#*/626! $'!
Ev/%6)!4+/Å>'*/6)a!G+E'#$6!+2-.>+)!4+/*%&.2+/%$+$')!t.'!$%)&/%>%#+>!'!&6#$%&%6#+>!6!$6)5>'*/6!6.!
+! &+2%1/+:;6! 'H'&*.+$+! $'! +&6/$6! &6>! +! *+L+! $'! $6)'! ^(V=! 6.! gV=a! 46/! 'L'>426_! '! 6! *%46! $'!
'#&+4).2+>'#*6!$+!H6#*'!`@FcO!='2+*%E+>'#*'!+!')*'!w2*%>6a![+2*+)!*)#%="#`<c!/'H'/'!t.'!4+/+!'>%))6/')!
$'!1+%L+! '#'/-%+a! &6>6!6! 987<C!'!6!D$87f@a!#+!$'*'/>%#+:;6!$+!$6)'!$'E'8)'! &6#)%$'/+/!6! 'H'%*6!$+!
/+$%+:;6!$'!H2.6/')&J#&%+!/').2*+#*'!$+!6&6//J#&%+!$'!+1)6/:;6!H6*6'2?&*/%&+!4'26!#w&2'6!$+!H6#*'!'!$6!
4/B4/%6!'#&+4).2+>'#*6O!!
D+/+! +2?>! $+)! /'H'/%$+)! +#*'/%6/>'#*'a! #+! 0+1'2+! <OA! '#&6#*/+>8)'! /').>%$+)! +)! t.+#*%$+$')!
$6)%>?*/%&+)!'!/')4'&*%E+)!.#%$+$')!>+%)!&6>.#)O!
0+1'2+!<OAP!=').>6!$+)!t.+#*%$+$')!$6)%>?*/%&+)!'!.#%$+$')!`<cO!
:8-57/."8! U/B5! FABG/H/! <,"0805!
36#E'/);6!$'!Q#'/-%+! [*+1%# [# rÉ-87ÑMz!
[*+1%#?(*<<'9'*4)# # r><É-87ÑMz><!
[*+1%#+%)*# K
.
#
rÉ-87)87ÑMz)87!
;],(/5+*# i# 3É-87!
;],(/5+*#+%)*# X
.
#
3É-87)87!
?*1%# ?# rÉ-87ÑMz!
?*1%#+%)*# ?# rÉ-87)87ÑMz)87!
V'46)%:;6!$'!Q#'/-%+! ;4*+B^#&*,(/')# &' r!
;4*+B^#'1,%+)*&# & r!
PC/(+C*&#&(/*# .# rÉ-87ÑMz!
PC/(+C*&#&(/*#+%)*# D
.
#
rÉ-87)87ÑMz)87!
!
  19 
!
!
!
!
!
!
!
!
3+45*.26!@ !
:",-"H80/.56!
!
!
=#"#!23)+(&456(!
D6$'>6)! +H%/>+/! t.'! 6! 4/%>'%/6! >?*6$6! .)+$6! #+! $'*'&:;6! $'! 4+/*5&.2+)! H6%! +! &%#*%2+:;6! &6>! +!
$')&61'/*+!$6)!/+%68R!46/!=6'#-*'#!+6!61)'/E+/!+!H2.6/')&J#&%+!#.>!'&/;!`@AcO!Q>!7if@!Q2)*'/!'!M'%*'2!
61)'/E+>!H2+)G')!%#$%E%$.+%)!'>%*%$6)!#.>!'&/;!$'!Y#U!46/!+&:;6!$'!4+/*5&.2+)!+2H+!`@7cO!0+>1?>!'>!
7if@!3/66É')!$')'#E62E'!.>!$'*'&*6/!46/!&%#*%2+:;6a!6!')4%#*+/%)&B4%6a!&6>!1+)'!#6!>')>6!4/6&'))6!
$'!&%#*%2+:;6!&6#)'-.%#$6!+))%>!&6#*+/!6)!H2+)G')!$'!2.uO!36>!+!%#E'#:;6!t.'!E%/%+!+!6/%-%#+/!6!$'*'&*6/!
-+)6)6! $'! M'%-'/8S.'22'/a! +! $'*'&:;6! $'! /+$%+:;6! 46/! &%#*%2+:;6! &+%.! '>! $').)6a! +*?! t.'! '>! 7iAAa!
3.//+#! '! [+É'/! +&642+#$6! .>! &%#*%2+$6/! +6! #+! +2*./+! /'&'#*'! H6*6>.2*%42%&+$6/a! &6#)'-.%/+>!
t.+#*%H%&+/!+!&%#*%2+:;6!$'!H6/>+!'H%&+u!'!H%vE'2!`@<cO!Q)*+!H6/>+!$'!$'*'&:;6!$'!/+$%+:;6!1+)'%+8)'!#+!
&+4+&%$+$'! t.'! &'/*6)! >+*'/%+%)! *J>! 4+/+! &6#E'/*'/! /+$%+:;6! %6#%u+#*'! '>! 2.u! E%)5E'2! `@IcO! T)!
&%#*%2+$6/')! 46$'>! )'/! %#6/-Å#%&6)! ^'O-O! &/%)*+%)a! &'/Å>%&6)a! E%$/6)a! -+)')! 6.! 25t.%$6)! #61/')_! '!
6/-Å#%&6)! ^&/%)*+%)a! 25t.%$6)! 6.! 42v)*%&6)_O! T)! $'*'&*6/')! %#6/-Å#%&6)! );6! 2+/-+>'#*'! +42%&+$6)! '>!
$'*'&*6/')a! ')*')! &6>4+/+*%E+>'#*'! +6)! 6/-Å#%&6)! *J>!>+%6/! 2%#'+/%$+$'! '! >+%6/! /')46)*+! '>! 2.ua!
*'#$6!+!$')E+#*+-'>!$'!)'/'>!&6#)%$'/+E'2>'#*'!>+%)!2'#*6)!$6!t.'!6)!6/-Å#%&6)!`<Fa!@IcO!U'-.#$6!
p#622! `<Fca! 6)! &/%)*+%)! %#6/-Å#%&6)a! $'E%$6! +6)! )'.)! &6#)*%*.%#*')! $'! '2'E+$6! Y! '! '2'E+$+! $'#)%$+$'!
H+u'>! $')*')! +! 4/%#&%4+2! ')&62G+! 4+/+! ')4'&*/6)&64%+! $'! /+$%+:;6! -+>+a! +6! 4+))6! t.'! $'E%$6! +6!
G%$/6-?#%6!#6)!&%#*%2+$6/')!6/-Å#%&6)!')*')!);6!.).+2>'#*'!+$64*+$6)!#+!')4'&*/6)&64%+!"!'!$'*'&:;6!
$'!#'.*/s')!/v4%$6)O!
!
Capítulo 3 
 20 
K!$'*'&:;6!$'! /+$%+:;6! %6#%u+#*'! *'>! &6>6!61Ä'&*%E6! +! t.+#*%H%&+:;6!$+! '#'/-%+!$+)!4+/*5&.2+)! '!$+!
t.+#*%$+$'!$'!/+$%+:;6!%#&%$'#*'O!K!&%#*%2+:;6!?!.>!4/6&'))6!/'2+*%E+>'#*'!46.&6!'H%&%'#*'a!4+/+!.>!
&%#*%2+$6/!*54%&6!+!'H%&%J#&%+!?!$'!&'/&+!$'!7f!+!7CÖ!`@bcO!K)!1+%L+)!'H%&%J#&%+)!$'!&%#*%2+:;6a! %#$%&+>!
t.'!#'>!*6$6)!6)!4/6&'))6)!$'!$')'L&%*+:;6!6&6//'>!&6>!'>%));6!$'!/+$%+:;6!E%)5E'2O!K6!&6#Ä.#*6!$'!
4/6&'))6)! $'! $')'L&%*+:;6! t.'! 6&6//'>! )'>! '>%));6! $'! 2.u! +*/%1.%8)'! +! $')%-#+:;6!`5*49W'4B# `@bcO!
K4')+/!$+!t.+#*%$+$'!$'!2.u!-'/+$+!)'/!/'$.u%$+a!E'/%H%&+8)'!+!4/646/&%6#+2%$+$'!t.+#*6!!'#'/-%+!$+)!
4+/*5&.2+)!%#&%$'#*')!`@AcO!N>!$6)!>6$6)!$'!t.+#*%H%&+:;6!$6!4/6&'))6!$'!&6#E'/);6!$+!/+$%+:;6!'>!
2.u!E%)5E'2!?!'>! *'/>6)!$'! /'#$%>'#*6!$'! 2.>%#')&J#&%+a! ')*'!4+/Å>'*/6!?!.).+2>'#*'!t.+#*%H%&vE'2!
4'26! #w>'/6! $'! H6*s')! '>%*%$6)! 46/! S'X! $'! /+$%+:;6! +1)6/E%$+O! D+/+! +! >+%6/%+! $6)! &%#*%2+$6/')!
%#6/-Å#%&6)a! 6! /'#$%>'#*6! ?! $+! 6/$'>! $6)! <f! fff! +! @f! fff! H6*s')! 46/! S'X! `@bca! #6! '#*+#*6! 6!
/'#$%>'#*6!$6)!&%#*%2+$6/')!6/-Å#%&6)!?!>.%*6! %#H'/%6/O!D+/+!&%#*%2+$6/')!6/-Å#%&6)!&6>6!6!&+)6!$+)!
H%1/+)!B4*%&+)! &%#*%2+$6/+)! +! 'H%&%J#&%+!$'!$'*'&:;6! ?! +4/6L%>+$+>'#*'!bfff! H6*s')!46/!S'X! `@icO!K!
'H%&%J#&%+! $'! $'*'&:;6! ?! $'H%#%$+! &6>6! +! /+u;6! '#*/'! +! '#'/-%+! $+! 2.u! $'! &%#*%2+:;6! 4/6$.u%$+! '! +!
'#'/-%+!$'46)%*+$+a!6.!)'Ä+!`@bcP!
! ! = energia da luz de cintilaçãoenergia depositada =
hvewe!h
Tqa !
^QtO!@O7_!
T#$'!WQ'!!&6//')46#$'!!'#'/-%+!>?$%+!$6! H6*;6!'>%*%$6a!_*SW#!!'#'/-%+!#'&'))v/%+!4+/+!&/%+/!.>!4+/!
'2'&*/;681./+&6a!X!?!+!'#'/-%+!*/+#)H'/%$+!'H%&+u>'#*'!$6!%;6!'L&%*+$6!4+/+!6!&'#*/6!2.>%#')&'#*'!'!`+!
+!'H%&%J#&%+!t.Å#*%&+!$6!&'#*/6!2.>%#')&'#*'O!!
U'! 6! $'&+%>'#*6! $6! ')*+$6! 'L&%*+$6! H6/! $+! 6/$'>! $6)! 7f8b! 6.! 7f8i! )a! 6! 4/6&'))6! ?! $')%-#+$6! 46/!
H2.6/')&J#&%+a!#6!'#*+#*6!t.+#$6!6!')*+$6!'L&%*+$6!?!>'*+')*vE'2!6!4/6&'))6!/'E'2+8)'!>+%)!2'#*6!'!?!
$')%-#+$6! 46/! H6)H6/')&J#&%+! 6.! %<)*+B=(_O! V./+#*'! 6! 4/6&'))6! $'! /''>%));6a! 6! #w>'/6! $'! H6*s')!
'>%*%$6)!ZH!#.>!$+$6!%#)*+#*'!*!*/+$.u8)'!#.>!$'&+%>'#*6!'L46#'#&%+2a!46$'#$6!)'/!'L4/'))6!#+!).+!
H6/>+!>+%)!)%>42')!`@<cP!
! N f =
N (!t /!d )0
! d
!
^QtO!@O<_!
6#$'!$&!?!.>+!&6#)*+#*'!$'!$'&+%>'#*6!'!ge!6!#w>'/6!*6*+2!$'!H6*s')!'>%*%$6)O!
K!#+*./'u+!&%#*%2+$6/+!$6)!&/%)*+%)!%#6/-Å#%&6)!+$E?>!$+)!&+/+&*'/5)*%&+)!$+!')*/.*./+!'2'&*/B#%&+!$6)!
&/%)*+%)O! T)! &%#*%2+$6/')!>+%6/%*+/%+>'#*'! .)+$6)! );6! 6)! &/%)*+%)! %#6/-Å#%&6)! &6>! G+2'*6)! $'! +2t.%26a!
)'#$6! 6!>+%)! 464.2+/! 6! %6$'*6! $'! )B$%6! $64+$6! &6>! *v2%6! ^Z+9^02__O! T.*6)! &/%)*+%)! H/'t.'#*'>'#*'!
.)+$6)!);6!6!%6$'*6!$'!&?)%6!^3)9_!46$'#$6!)'/!$64+$6!&6>!)B$%6!^Z+_!6.!*v2%6!^02_a!#6!'#*+#*6!6.*/6)!
&6>6!6![MT!^[%AM'@T7<_!'!6![+,<!);6!H/'t.'#*'>'#*'!'#&6#*/+$6)!'>!$'*'&*6/')!$'!/+$%+:;6!-+>+O!T!
[MT!*'>!4+/*%&.2+/! %#*'/'))'!#+!&6#E'/);6! H6*6'2?&*/%&+!$'!/+$%+:;6!-+>+!.>+!E'u!t.'!*'>!Y!>.%*6!
'2'E+$6!'!-/+#$'!'H%&%J#&%+!)'#$6!>+%)!E+#*+Ä6)6!4+/+!'2'E+$+)!'#'/-%+)!`@<cO!K!).+!/')46)*+!2.>%#6)+!
?!+%#$+!+))%>! %#H'/%6/!+6!$6!Z+9^02x3)_!)'#$6!+!/')62.:;6!$.+)!+! */J)!E'u')! %#H'/%6/!/'2+*%E+>'#*'!+!
')*'a! '>16/+! +4/')'#*'! >+%)! E+#*+-'#)! +! +2*+)! '#'/-%+)! `@<cO! T)! &%#*%2+$6/')! %#6/-Å#%&6)a! #+! ).+!
Cintiladores 
 21 
-'#'/+2%$+$'a!+4/')'#*+>!+2-.>+!$'4'#$J#&%+!&6>!+!*'>4'/+*./+!`@bca!#;6!);6!'t.%E+2'#*')!!v-.+a!!
);6! >+%)! 2'#*6)! '! $%)4'#$%6)6)! '>! /'2+:;6! +6)! &%#*%2+$6/')! 6/-Å#%&6)O! D6/! ')*+)! /+us')a! )'/v! $+$+!
4/'H'/J#&%+!+6)!&%#*%2+$6/')!6/-Å#%&6)!4+/+!6!4/6*B*%46!+!$')'#E62E'/O!
!
=#-#!<'3)';%&(+*/!(+@B3'7(/!
T)! &%#*%2+$6/')! 6/-Å#%&6)! 46$'>! )'/! )B2%$6)a! 25t.%$6)! 6.! -+)6)6)O! K! H2.6/')&J#&%+! '>! &%#*%2+$6/')!
6/-Å#%&6)!*'>!6/%-'>!'>!*/+#)%:s')!'#*/'!#5E'%)!$'!'#'/-%+!+!#5E'2!>62'&.2+/!#;6!)'#$6!&6#$%&%6#+#*'!
6! )'.! ')*+$6! H5)%&6! `<FcO! T)! &%#*%2+$6/')! 6/-Å#%&6)! );6! &6>46)*6)! +/6>v*%&6)! &6>! ')*/.*./+)!
1'#u?#%&+)! 2%-+$+)! 6.! &6#$'#)+$+)! `@<cO! T! #+H*+2'#6a! +#*/+&'#6! '! 6! */+#)8')*%21'#6! );6! +2-.#)! $6)!
&%#*%2+$6/')!6/-Å#%&6)!H/'t.'#*'>'#*'!.)+$6)!^0+1'2+!@O7_O!
!
0+1'2+!@O7P!D/%#&%4+%)!&%#*%2+$6/')!6/-Å#%&6)!O!
Z+H*+2'#6! K#*/+&'#6! Q)*%21'#6!
! !
!
!
K!6&6//J#&%+!$'!H2.6/')&J#&%+!'>!>+*'/%+%)!6/-Å#%&6)!/').2*+!$+)!*/+#)%:s')!'>!>62?&.2+)!%#$%E%$.+%)a!
4'/+#*'! +! %#&%$J#&%+! $'! /+$%+:;6! E'/%H%&+8)'! .>+! 'L&%*+:;6! #+)! >62?&.2+)! 4+/+! ')*+$6)! $%)&/'*6)!
'>%*%#$6!.>!H6*;6!+t.+#$6!6!$'&+%>'#*6!$'))')!')*+$6)!'L&%*+$6)O!K!&%#*%2+:;6!/').2*+!$'!*/+#)%:s')!
+*/%1.5$+)! +! '2'&*/s')! $'! E+2J#&%+! $')26&+2%u+$6)! '>! 6/1%*+%)! >62'&.2+/')8(a! 6.! )'Ä+a! +! &%#*%2+:;6!
4/6E?>!$6)!'2'&*/s')!$+!2%-+:;6!3Ñ3!`@<a!@Aa!AfcO!!
K!,%-./+!@O7!/'4/')'#*+!6!$%+-/+>+!$'!'#'/-%+!*54%&6!$6)!&%#*%2+$6/')!6/-Å#%&6)O!K!/+$%+:;6!%#&%$'#*'!
4/6E6&+!+!*/+#)%:;6!$'!.>!'2'&*/;6!$6!#5E'2!Uf!4+/+!$%H'/'#*')!#5E'%)!E%1/+&%6#+%)!$+!1+#$+!U7!^Ü7f87A!
)_a! 46/! 'L'>426O! U'-.%$+>'#*'! ')*'! '2'&*/;6! $'&+%! )'>! &%#*%2+:;6! 4+/+! 6! #5E'2! U7O! D6)*'/%6/>'#*'!
6&6//'!.>!)'-.#$6!$'&+%>'#*6!$6!#5E'2!U7!4+/+!6!#5E'2!Uf!>+#%H')*+#$68)'!+))%>!H2.6/')&J#&%+O!Q)*+)!
*/+#)%:s')! );6! 'L*/'>+>'#*'! /v4%$+)a! -'/+2>'#*'! %#H'/%6/')! +! 7f! #)O! 36#E?>! /'+2:+/! t.'! +! '#'/-%+!
+))6&%+$+!+6!H6*;6!$'!H2.6/')&J#&%+!?!$')*+!H6/>+!%#H'/%6/!!'#'/-%+!+))6&%+$+!!*/+#)%:;6!$'!Uf!4+/+!
U7O!
Capítulo 3 
 22 
!
,%-./+!@O7P!V%+-/+>+!$'!'#'/-%+!*54%&6!$6)!&%#*%2+$6/')!6/-Å#%&6)!`@bcO!
U'!+!*/+#)%:;6!#;6!)'!$'/!'#*/'!U7!'!Uf!$%/'&*+>'#*'a!46$'/v!6&6//'/!H6)H6/')&J#&%+O!0+2!?!46))5E'2!)'!+!
/+$%+:;6!$'&+%/!4+/+!.>!#5E'2!07!'!#;6!4+/+!Uf!^,%-./+!@O<_!`@bcO!K!%6#%u+:;6!$6)!'2'&*/s')!(!46$'!)'/!
)'-.%$+!46/!.>+!/'&6>1%#+:;6!46E6+#$6!6)!')*+$6)!0a!6/%-%#+#$6!46)*'/%6/>'#*'!+!H6)H6/')&J#&%+!^{!
7f8A!)_!$'E%$6!!*/+#)H'/J#&%+!$6)!'2'&*/s')!$6!')*+$6!0!4+/+!Uf!`AfcO!
!
,%-./+!@O<P!,6)H6/')&J#&%+!'>!&%#*%2+$6/')!6/-Å#%&6)!`@bcO!
T!$'*'&*6/!%$'+2!$'E'/v!)'/!*/+#)4+/'#*'!+6!&6>4/%>'#*6!$'!6#$+!#6!t.+2!'>%*'a! %)*6!?!46))5E'2!.>+!
E'u!t.'!+)!*/+#)%:s')!&6//')46#$'#*')!!H2.6/')&J#&%+!*J>!>'#6/!'#'/-%+!t.'!+!#'&'))v/%+!4+/+!t.'!)'!
E'/%H%t.'!'L&%*+:;6O!Q)*'!H+&*6!?!&6#G'&%$6!&6>6!F)(f*/S/W'<)O!Q)*'!/W'<)!?!$'E%$6!+6!D/%#&54%6!$'!,/+#&É8
36#$6#a! 4'26! t.'! +! 'L&%*+:;6! 6&6//'! 4+/+! ')*+$6)! E%1/+&%6#+%)! >+%)! '2'E+$6)! '#t.+#*6! t.'! +!
$')'L&%*+:;6!6&6//'!$6)!')*+$6)!E%1/+&%6#+%)!>+%)!1+%L6)!^,%-./+!@O<_!`<Fa!AfcO!
K4B)! 'L&%*+:;6a! +! '#'/-%+! $'! 'L&%*+:;6! 46$'! )'/! */+#)H'/%$+! '#*/'! >62?&.2+)! +*?! t.'! 6&6//'! +!
$')'L&%*+:;6O!Q)*+!61)'/E+:;6!?!4+/*%&.2+/>'#*'! /'2'E+#*'!'>!&%#*%2+$6/')!42v)*%&6)!6.! 25t.%$6)!&6>!
>+%)! $'! .>+! >62?&.2+! &+4+u! $'! )6H/'/! 'L&%*+:;6! `<FcO! T)! &%#*%2+$6/')! 42v)*%&6)! );6a! >6$6! -'/+2a!
&6#)*%*.5$6)!46/!.>!4625>'/6!t.'!H.#&%6#+!&6>6!)62E'#*'a!46/!.>!&%#*%2+$6/!6/-Å#%&6!'!#+2-.#)!&+)6)!
46/! .>!_%Q*=*4BW)# /W'<)*+! ^,%-./+! @O@_O! T)! )62E'#*')!>+%)! &6>.#)! );6! 6! DX0! ^462%E%#%28*62.'#6_a! DU!
^462%')*%/'#6_!'!DSSK!^462%>'*%28>'*+&/%2+*6_O!K2-.#)!$6)!+-'#*')!H2.6/')&'#*')!4/%>v/%6)!);6!6!VDTa!
D[V!'!6!,S)*+,W*4^=!`AfcO!T!,S)*+,W*4^=!?!.>!)62E'#*'!&6>.>!&6>!.>+!&6#&'#*/+:;6!*54%&+!$'!7f!-x(O!
Q)*'! *'>! .>+! '>%));6! '>! *6/#6! $6)! @Ff! #>O! D6/! '))+! /+u;6! /'&6//'8)'! +! .>! )'-.#$6! H2w6/!
Cintiladores 
 23 
^_%Q*=*4BW)# /W'<)*+_! *+2! &6>6! 6! DTDTD! ^!h2SC'/I@S,W*4^=(]%O(=S-S^=LC*4O*4*_O! K! H%#+2%$+$'! $6! DTDTD!
&6>6!_%Q*=*4BW)#/W'<)*+! ^o(U_!?! +1)6/E'/!+! 2.u!$'! &%#*%2+:;6!4/%>v/%+! ^@Ff!#>_!'! /''>%*%/! &6>!.>!
&6>4/%>'#*6!$'!6#$+!).4'/%6/!^A@f!#>_O!Q)*'!4/6&'))6!*'>!4+/*%&.2+/!%#*'/'))'!4+/+!+$+4*+/!+!2.u!$'!
&%#*%2+:;6!!)'#)%1%2%$+$'!')4'&*/+2!$6!H6*6)'#)6/O!
!
,%-./+!@O@P!Q)t.'>+!$'!&%#*%2+:;6!'>!>+*'/%+%)!$64+$6)!&6>!Ev/%6)!H2w6/')a!+$+4*+$6!$'!`AfcO!
T)!&%#*%2+$6/')!6/-Å#%&6)!);6!'))'#&%+2>'#*'!&6#)*%*.5$6)!46/!G%$/6-?#%6a! &+/16#6!'!6L%-?#%6a! *'#$6!
46/!%))6!1+%L6!YO!K4')+/!$')*')!&%#*%2+$6/')!)'/'>!H/'t.'#*'>'#*'!+42%&+$6)!#+!$'*'&:;6!$'!4+/*5&.2+)!
#! '! "a! +! ).+! )'&:;6! 'H%&+u! 4+/+! 6)! /+%6)! -+>+! ?! 46.&6! )%-#%H%&+*%E+! `<Fa! @AcO! Z')*')! &+)6)! ')*')!
&%#*%2+$6/')! #;6! +4/')'#*+>! 6! 4%&6! $'! H6*68+1)6/:;6! &6//')46#$'#*'! +6! 'H'%*6! H6*6'2?&*/%&6a!
61)'/E+#$68)'! +4'#+)! .>! &6#*5#.6! $'! 36>4*6#! `@AcO! N>+! 46))5E'2! )62.:;6! 4+))+! 4'2+! +$%:;6! $'!
'2'>'#*6)! $'! '2'E+$6! Ya! *+%)! &6>6! &G.>16! 6.! ')*+#G6a! #6! )'#*%$6! $'! 4/6>6E'/! +! &6#E'/);6!
H6*6'2?&*/%&+!>+)!4'/$'#$6!'>!*'/>6)!$'!'H%&%J#&%+!$'!&%#*%2+:;6!`@AcO!
Z+!0+1'2+!@O<!')*;6!/').>%$+)!+2-.>+)!$+)!&+/+&*'/5)*%&+)!+))6&%+$+)!+!.>!&%#*%2+$6/!%$'+2O!
0+1'2+!@O<P!=').>6!$+)!&+/+&*'/5)*%&+)!$'!.>!&%#*%2+$6/!%$'+2O!
:8.8-5.A6-"D86!05!1B!D",-"H80/.!"058H!
&6#E'/*'/!+!'#'/-%+!&%#?*%&+!$+)!4+/*5&.2+)!&+//'-+$+)!'>!2.u!$'*'&*vE'2!&6>!'2'E+$+!'H%&%J#&%+!`@Ic!
+!&6#E'/);6!$'E'/v!)'/!2%#'+/a!*+2!t.'!+!2.u!4/6$.u%$+!)'Ä+!4/646/&%6#+2!!'#'/-%+!H6/#'&%$+!#.>+!
+>42+!-+>+!$%#Å>%&+a!$'E'#$6!)'/!%#$'4'#$'#*'!$+!'#'/-%+!$+!4+/*5&.2+!6.!H6*;6!`@Ac!
6! *'>46! $'! $'&+5>'#*6! 6.! 2.>%#')&J#&%+! $'E'/v! )'/! &./*6! $'! *+2! >6$6! +! t.'! 6)! 4.2)6)! )'Ä+>!
-'/+$6)!/+4%$+>'#*'!4'/>%*%#$6!*+L+)!$'!&6#*+-'>!'2'E+$+)!
$'E'/v!)'/!*/+#)4+/'#*'!!2.u!t.'!'2'!4/B4/%6!'>%*'!4'/>%*%#$6!+))%>!+!*/+#)>%));6!$+!2.u!
6! 5#$%&'! $'! /'H/+&:;6! $6!>+*'/%+2! t.'! $'E'! )'/! 4'/*6! $6! E%$/6! 4+/+! 4'/>%*%/! +&642+>'#*6! B4*%&6!
'H%&%'#*'!$+!2.u!$6!*.16!H6*6>.2*%42%&+$6/!
6!)%#+2!$'!.>!&%#*%2+$6/!$'E'/v!4'/>%*%/!,5=/*#/W%,*#&'/9+'1'4%)'(4a!6.!)'Ä+a!$')&/%>%#+/!4+/*5&.2+)!
&6>!1+)'!#+! H6/>+!$6)!4.2)6)!$'! 2.u!'>%*%$6)!46/!$%H'/'#*')!>'&+#%)>6)!$'! H2.6/')&J#&%+!'!&6>!
$%H'/'#*'!46$'/!$'!%6#%u+:;6!`@<c!

  25 
!
!
!
!
!
!
!
!
3+45*.26!A !
:/B@/,5,-56!@8.8!/!@./-V-"@/!0/!0/6AB5-./!
!
!
>#"#!C*3/(+*/!
N>! %#)*/.>'#*6! $'!>'$%$+! 46$'! &6>46/*+/! Ev/%6)! &6>46#'#*')! *+%)! &6>6! )'#)6/')a! */+#)$.*6/')a!
4/6&'))+$6/')! $'! )%#+2a! +>42%H%&+$6/')a! '*&O! D+/+! $')'#E62E'/! .>! $6)5>'*/6! -+>+! )'/v! #'&'))v/%6!
&6#)%$'/+/!+2-.#)!)'#)6/')!'!*/+#)$.*6/')O!D6$'8)'a!'>!4/%>'%/+!+16/$+-'>a!&6#)%$'/+/!t.'!)'#)6/')!
'! */+#)$.*6/')! );6! +>16)! &6#E'/)6/')! $'! '#'/-%+a! #'))+! 4'/)4'&*%E+! 6)! )'#)6/')! );6!.>+! H6/>+!$'!
*/+#)$.*6/')! `A7c! 46%)! #6! )'#)6/! +! +t.%)%:;6! '! /')46)*+! +! .>! $'*'/>%#+$6! ')*5>.26! 6&6//'! 46/!
*/+#)>%));6!$'!'#'/-%+!`A<cO!V'!+&6/$6!&6>!U%#&2+%/!`A7ca!+!$%H'/'#:+!'#*/'!)'#)6/')!'!*/+#)$.*6/')!?!
>.%*6! 4't.'#+a! +! -/+#$'! $%)*%#:;6! '#*/'! ')*')! ')*v! /'2+&%6#+$+! &6>! +! 'H%&%J#&%+! #+! &6#E'/);6! $'!
'#'/-%+O! Q#t.+#*6! t.'! +! H.#:;6! $'! .>! )'#)6/! ?! $'*'&*+/! '! >'$%/! 46$'#$6! +! ).+! 'H%&%J#&%+! )'/!
'L*/'>+>'#*'! /'$.u%$+a! .>! */+#)$.*6/! ?! .>! &6#E'/)6/! $'! '#'/-%+! 46/! #+*./'u+a! &6#E'/*'#$6! .>+!
H6/>+! $'! '#'/-%+! #6.*/+a! &6>6! 46/! 'L'>426a! +! &6#E'/);6! $'! '#'/-%+! >'&Å#%&+! ^H6/:+_! '>! '#'/-%+!
'2?&*/%&+!46/!.>!>+*'/%+2!4%'u6'2?&*/%&6a!46/!%))6!+!).+!'H%&%J#&%+!?!$'!'L*/'>+!%>46/*Å#&%+!` A78A@cO!
T! 4/6&'))6! $'! >'$%:;6! $'! .>! )'#)6/! 4+))+! )'>4/'! 4'2+! */+#)H'/J#&%+! $'! '#'/-%+! $6! 61Ä'&*6! $'!
>'$%:;6!4+/+!6!)'#)6/!`@Ic!*/+#)H6/>+#$6!.>!)%#+2!6.!E+/%+:;6!$'!.>+!4/64/%'$+$'!H5)%&+!6.!t.5>%&+!
^46/! 'L'>426P! *'>4'/+*./+a! 4/'));6a! E'26&%$+$'a! &6#&'#*/+:;6a! 2.ua! '*&O_! #.>+! H6/>+! 2'-5E'2!
'2'&*/6#%&+>'#*'O! Q))'! )%#+2! '2?&*/%&6! 46$'/v! )'/! $')&/%*6! 4'2+! ).+! +>42%*.$'a! H/'t.J#&%+a! H+)'! 6.!
&B$%-6! $%-%*+2! '! $'E'/v! )'/! 4+))5E'2! $'! )'/! +>42%H%&+$6a! >6$%H%&+$6! '! &6#$.u%$6! 4'26)! &%/&.%*6)!
'2'&*/B#%&6)!`@IcO!T)!)'#)6/')!46$'>!)'/!&2+))%H%&+$6)!&6>6!4+))%E6)a!t.+#$6!#;6!#'&'))%*+>!H6#*'!$'!
'#'/-%+!+$%&%6#+2a!6.!+&*%E6)!t.+#$6!?!#'&'))v/%6!H6/#'&'/!'#'/-%+!'L*'/#+!`@Ia!A7cO!
Capítulo 4 
 26 
!
,%-./+!AO7P!Q)t.'>+!*54%&6!$'!+42%&+:;6!$'!.>!)'#)6/!`A<cO!
K!t.+2%$+$'!$'!.>!)'#)6/!46$'!)'/!+E+2%+$+!&6>!1+)'!'>!Ev/%+)!&+/+&*'/5)*%&+)!t.'! %#H'/'>!)61/'!+!
4'/H6/>+#&'!$'!.>!)'#)6/!^0+1'2+!AO7_O!!
0+1'2+!AO7P!3+/+&*'/5)*%&+)!4+/+!&+/+&*'/%u+:;6!$'!.>!)'#)6/!
:8.8D-5."K823/!05!1B!65,6/.!
H.#:;6!$'!*/+#)H'/J#&%+! %#*'/E+26!$%#Å>%&6! /.5$6!
)'#)%1%2%$+$'! 'L+&*%$;6!! 2+/-./+!$'!1+#$+!
4/'&%);6! /'4/6$.*%1%2%$+$'! '//6)!)%)*'>v*%&6)!
/'4'*%1%2%$+$'! /')62.:;6x$%)&/%>%#+:;6! '//6)!+2'+*B/%6)!
G%)*'/')'! (%#'+/%$+$'! ')*+1%2%$+$'!
&+'<)# )'2'&*%E%$+$'! )+*./+:;6!
%>4'$Å#&%+!$6!6.*4.*! ! !
!
>#-#!<(3:'@4+%56(!&(!&(/01*)+(!7(1!:'A+%!D,)'7%!&*!,;E/)'7(!F?GH!I!7'3)';%3)*!
36>6!/'H'/%$6!+#*'/%6/>'#*'a!.>+!$+)!&6#H%-./+:s')!>+%)! )%>42')!$'!$'*'&:;6!$'!/+$%+:;6!&6#)%)*'!
#6!.)6!$'!.>!&%#*%2+$6/!+&642+$6!+!.>!DS0O!K!/')46)*+!$6!DS0!46$'!)'/!t.+#*%H%&+$+!46/!%#*'-/+:;6!
$'! &+/-+! &6>!/'&./)6!+!.>!'2'&*/B>'*/6O!T! )%#+2! +#+2B-%&6!46$'!'#*;6! )'/! &6#E'/*%$6!4+/+!$%-%*+2! '!
+$t.%/%$6!.)+#$6!.>!&6>4.*+$6/O!
Z6! Å>1%*6! $')*'! */+1+2G6a! 4/'*'#$'8)'! $')'#E62E'/! .>!$6)5>'*/6! .*%2%u+#$6! +)! 46*'#&%+2%$+$')! $+)!
H%1/+)!B4*%&+)!&%#*%2+#*')!+&642+$+)!+6!#6E6!*%46!$'!H6*6>.2*%42%&+$6/a!6!U%DS!$+!g+>+>+*).!^SDD3)_O!
T)!&6>46#'#*')!+!.*%2%u+/!')*;6!/'4/')'#*+$6)!#+!,%-./+!AO<O!
! !
,%-./+!AO<P!Q)*/.*./+!$'!.>!$6)5>'*/6!$'!/+$%+:;6!1+)'+$6!'>!H%1/+!B4*%&+!&%#*%2+#*'O!
Z+)!)'&:s')!)'-.%#*')!)'/;6!+E+2%+$+)!+)!)62.:s')!&6>'/&%+%)!'>!*'/>6)!$'!&%#*%2+$6/')a!-.%+)!$'!2.u!'!
H6*6$'*'&*6/')!4+/+!+!'2+16/+:;6!$6!$6)5>'*/6O!
!
D",-"H80/.! 71"8!05!H1K! M/-/05-5D-/.! .580/1-!
Componentes para o protótipo do dosímetro 
 27 
>#=#!<'3)';%&(+*/!(+@B3'7(/!*!:'A+%/!D,)'7%/!7'3)';%3)*/!*1!&(/01*)+(/!
4"5"#"$62'3*)$*3$3('/$
T!.)6!$'!&%#*%2+$6/')!6/-Å#%&6)!?!>.%*6!&6>.>!'>!Ev/%+)!v/'+)a!$')$'!+! H5)%&+!$'!4+/*5&.2+)!! H5)%&+!
>?$%&+!+)!+42%&+:s')!);6! %#w>'/+)O!T)!4/%>'%/6)!')*.$6)!4+/+!+42%&+:;6!$'!$6)5>'*/6)!1+)'+$6)!'>!
&%#*%2+$6/')! 42v)*%&6)! $')*%#+$6)! ! /+$%6*'/+4%+! *J>! t.+)'! <f! +#6)O! N>! $6)5>'*/6! H'%*6! $'! 42v)*%&6!
&%#*%2+#*'!?!.>+!+2*'/#+*%E+! %#*'/'))+#*'!4+/+!+!>'$%:;6!$+!$6)'!+1)6/E%$+O!Q)*'!*%46!$'!&%#*%2+$6/')!
/'E'2+!Ev/%+)!&+/+&*'/5)*%&+)!4/'46#$'/+#*')!4+/+!.>!$6)5>'*/6!*+%)!&6>6!%#$'4'#$J#&%+!$'!'#'/-%+a!
/'4/6$.*%1%2%$+$'a! 2%#'+/%$+$'! &6>! +! $6)'! /'&'1%$+a! /')%)*J#&%+! +6! $+#6! 46/! /+$%+:;6a! 1+%L+!
$'4'#$J#&%+!$+! *'>4'/+*./+!'!v-.+!'t.%E+2J#&%+!`<Aa!AAcO!T!$6)5>'*/6! %$'+2!$'E'/v!'t.%4+/+/8)'!+6!
>'%6! 6#$'! +! /+$%+:;6! +1)6/E%$+! ?! $'*'/>%#+$+a! #')*'! &+)6! 4/'*'#$'8)'! t.'! 6! $'*'&*6/! &%#*%2+#*'!
+1)6/E+! '! $%H/+&*'! +! /+$%+:;6! $6! >')>6! >6$6! t.'! +! v-.+O! T! 462%')*%/'#6! ?! &6#)%$'/+$6! 6! >'2G6/!
H+#*6>+! v-.+! 't.%E+2'#*'! $%)46#5E'2! `<AcO! N>! &%#*%2+$6/! 42v)*%&6! t.+)'! #;6! +2*'/+! +! +1)6/:;6! $+!
/+$%+:;6! '>! v-.+! 6.! v-.+! 't.%E+2'#*'a! .>+! E'u! t.'! 6)! >+*'/%+%)! $'! 42v)*%&6! );6! t.+)'! v-.+!
't.%E+2'#*')O!K2?>!$%))6a!6)!$6)5>'*/6)!1+)'+$6)!'>!&%#*%2+$6/')!42v)*%&6)!4/646/&%6#+>!.>+!2'%*./+!
/v4%$+! '! $%/'&*+! $6! E+26/!>'$%$6a! &6>1%#+$+! &6>! .>+! +2*+! /')62.:;6! ')4+&%+2a! )'>! #'&'))%$+$'! $'!
&6//'&:;6!4+/+! *'>4'/+*./+a!4/'));6!'!G.>%$+$'! `7Aa!AAa!ACcO!K!+42%&+:;6!$'!.>!&%#*%2+$6/!42v)*%&6a!
&6>6! 46/! 'L'>426! .>+! H%1/+! B4*%&+! &%#*%2+#*'! 4'/>%*'! .>+! )'#)%1%2%$+$'! &6#)*+#*'! '! )'>! 'H'%*6! $'!
>'>B/%+!`AAa!AFcO!
U.&G6á'/)É+!'!(+>1'/*!*)"#%=!`7Fa!AIc!$')'#E62E'/+>!.>!$6)5>'*/6!+$'t.+$6!+!1/+t.%*'/+4%+!^&6>!+!
$')%-#+:;6!Z+%9W^KJ._! &6>! 1+)'! #6! &%#*%2+$6/! 42v)*%&6! [3Aff! ^U+%#*8M61+%#_! +&642+$6! +! .>+! H%1/+!
B4*%&+! $'! 462%>'*%28>'*+&/%2+*6! ^DSSK_! &6>6! -.%+! $'! 2.u! `7Fa! ACa! AIcO! Z6! )'.! ')*.$6a! 6! $6)5>'*/6!
$')'#E62E%$6! H6%! &6>4+/+$6!+!.>!$6)5>'*/6!$'!$%+>+#*'!'! +!.>!$6)5>'*/6!STU,Q0O!T)! /').2*+$6)!
61*%$6)!&6>!6!$6)5>'*/6!$')'#E62E%$6!+4/6L%>+E+>8)'!+6!$6)5>'*/6!$'!$%+>+#*'!^t.'!+4/')'#*6.!6)!
>'2G6/')!/').2*+$6)!$6!*')*'_O!T)!+.*6/')!&6#H%/>+>!t.'!6)!$6)5>'*/6)!STU,Q0!*J>!+42%&+:;6!&25#%&+!
2%>%*+$+!$'E%$6!!'2'E+$+!$'4'#$J#&%+!+#-.2+/!`7Fa!7ba!AIcO!
D+/+!+2?>!$6)! */+1+2G6)!'L4'/%>'#*+%)! Äv! /'H'/%$6)a!#.>!')*.$6! /'+2%u+$6!46/!K/&G+>1+.2*! `Abca! H6%!
+E+2%+$6! *'6/%&+>'#*'! 6! $')'>4'#G6! $6)! &%#*%2+$6/')! 42v)*%&6)! '! H%1/+)! B4*%&+)! &%#*%2+#*')O!
K/&G+>1+.2*!&6#&2.%!t.'!'>!Ev/%6)!46#*6)!+)!+)!H%1/+)!&%#*%2+#*')!>6)*/+/+>!>'2G6/!$')'>4'#G6!t.'!
6)!&%#*%2+$6/')!6/-Å#%&6)!*/+$%&%6#+%)O!!
!
4"5"!"$7%8(32$9:'%132$1%&'%;3&'/2$$
K! +42%&+:;6! $'! H%1/+)! B4*%&+)! &%#*%2+#*')! '>! $6)%>'*/%+! *'>! )%$6! /'46/*+$+! '>! +2-.#)! */+1+2G6)! $'!
%#E')*%-+:;6!>+%)!/'&'#*')!`7@a!7Ia!AAa!Aia!CfcO![+/*')+-G%!*)"#%=!`Aic!/'46/*+>!.>!4/6*B*%46!1v)%&6!$'!
.>! $6)5>'*/6! '>! *'>46! /'+2! 4+/+! /+$%6*'/+4%+! $'! +2*+)! '#'/-%+)O! K! &6#H%-./+:;6! $'))'! $6)5>'*/6!
4'/>%*'! +! $'*'/>%#+:;6! $'! $6)'! #.>+! $%)*/%1.%:;6! <VO! T! $6)5>'*/6! ?! 1+)'+$6! #+! H%1/+! B4*%&+!
&%#*%2+$6/+! [3,87f! +&642+$6! ! H%1/+! [3,8ib! &6>6! -.%+! $'! 2.u! ^+>1+)! +)! H%1/+)! $+! U+%#*8M61+%#_O! K!
Capítulo 4 
 28 
/')46)*+!2.>%#6)+!$+)!H%1/+)!?!2%$+!#.>!*.16!H6*6>.2*%42%&+$6/O!Q)*'!')*.$6!$'>6#)*/+!+!E+2%$+$'!$+!
't.%E+2J#&%+!!v-.+!'!+6!*'&%$6!$+)!H%1/+)!$'!462%')*%/'#6a!4'/>%*%#$6!+!$'*'/>%#+:;6!$+!$6)'!$'!H6/>+!
$%/'&*+! #;6! )'#$6!#'&'))v/%6! /'&6//'/! +! H+&*6/')! $'! &6//'&:;6! `AicO!Z+))'/%!*)#%="! `C7c!>6)*/+! t.'! +!
H%1/+![3,8<f!^&%#*%2+$6/!&6>!'>%));6!#+!/'-%;6!$6!E'/$'_!+4/')'#*+!-/+#$'!)'#)%1%2%$+$'!!/+$%+:;6!
-+>+! '! /+%68R! '>! 1+%L+)! '#'/-%+)O! Z.>! ')*.$6! /'+2%u+$6! 46/! ['%'/G62>a! H6/+>! &6>4+/+$6)! $6%)!
$6)5>'*/6)a!.>!1+)'+$6!#+!H%1/+!&%#*%2+$6/+![3,87<!'!6!6.*/6!#6!&/%)*+2!K2<T@P3!`7IcO!X'/%H%&6.8)'!t.'!+!
H%1/+![3,87<!*'>!.>+!)'#)%1%2%$+$'!&6#)*+#*'!'!)'>!'H'%*6!$'!>'>B/%+a!>6)*/+#$6!+!).+!E%+1%2%$+$'!
'>! $6)%>'*/%+! +4/')'#*+#$6! >'2G6/! $')'>4'#G6! &6>4+/+*%E+>'#*'! +6! &/%)*+2! K2<T@P3! t.'! ?!
&6#)%$'/+$6!'>!Ev/%6)!')*.$6)!#+!v/'+!$+!$6)%>'*/%+!`7I8<fcO!Z.>+!4.12%&+:;6!/'&'#*'!$'!r+#-!*)#%="#
`AAca!?!/'46/*+$6!.>!$6)5>'*/6!&6>!+!H%1/+!B4*%&+!&%#*%2+#*'![3,8<f!$+!U+%#*8M61+%#!+&642+$+!+!.>+!
H%1/+! -.%+! ^S%*).1%)G%!=+z6#!3p8Af_O!T!$6)5>'*/6! H6%! +E+2%+$6!#+!$'*'/>%#+:;6!$'! +2*+)! '#'/-%+)!$6!
H'%L'!$'!H6*s')!#.>!+&'2'/+$6/!2%#'+/!&25#%&6!^3(9ZK3_!.)+$6!'>!/+$%6*'/+4%+O!T)!+.*6/')!>6)*/+/+>!
t.'!6!$6)5>'*/6! )+*%)H+u! 6)!4/%#&%4+%)! /'t.%)%*6)!$'!.>!$6)5>'*/6a! &6#H%/>+#$6!+))%>!+! E%+1%2%$+$'!
$')*'! *%46! $'! $6)5>'*/6a! #6! '#*+#*6! #;6! /'+2%u+>! t.+2t.'/! %#*'/E'#:;6! E%)+#$6! $%>%#.%/! 46))5E'%)!
'H'%*6)!$'!/.5$6!$'!H.#$6!4/6E6&+$6)!#+)!H%1/+)a!&6>6!46/!'H'%*6!/').2*+#*')!$+!/+$%+:;6!$'!3G'/'#É6EO!
T.*/6)!')*.$6)!/'H'/'>!*+>1?>!+!.*%2%u+:;6!$+!H%1/+!&%#*%2+#*'![3,87<!+&642+$+!!H%1/+![3,8ib!&6>6!
-.%+!$'! 2.u! '>!)6#$+)!$'! /+$%+:;6! `C<8CAcO!K)! H%1/+)![3,8ib! );6! &6>'/&%+2%u+$+)!4'2+! U+%#*8M61+%#a!
)'#$6!>.%*6!.)+$+)!'>!)%)*'>+)!$'!$'*'&:;6!$'!/+$%+:;6O!Z6!'#*+#*6a!Z6á6*z!`CCc!>6)*/+!t.'!')*+)!
H%1/+)! '! 6.*/+)! &6>! #w&2'6! $'! DU! *J>! '2'E+$+! /+$%62.>%#')&J#&%+! &6>4+/+*%E+>'#*'! )! H%1/+)! $'!
DSSK!^46$'#$6!&G'-+/!+!)'/!$'u!E'u')!).4'/%6/_a!+)4'&*6!*+>1?>!&6#H%/>+$6!46/!p6##6HH!*)#%="#`CfcO!
Z6á6*z!`CCc!>6)*/+!*+>1?>!t.'!H%1/+)!&6>!1+%L6!&6#*'w$6!$'!8Tga!&6>6!+)!H%1/+)![3,8i7K!^o(U_!'!
H%1/+)!$'!)52%&+!*J>!H6/*'!H2.6/')&J#&%+!#;6!)'#$6!+$'t.+$+)!&6>6!-.%+!$'!2.uO!p#622!`<Fc!/'H'/'!t.'!6!
$+#6!46/!/+$%+:;6!'>!H%1/+)!&%#*%2+#*')!46$'!$%>%#.%/!6!/'#$%>'#*6!$'!&%#*%2+:;6!+))%>!&6>6!+H'&*+/!+!
+1)6/:;6!+6!26#-6!$+!H%1/+a!#6!'#*+#*6!')*')!'H'%*6)!H6/+>!61)'/E+$6)!4+/+!'2'E+$+)!$6)')!^7f@!+!7fA!
Mz_! `<FcO! Z6! '#*+#*6a!o%&É! '! Y6.H+2! `CFc! 61)'/E+/+>!6! +4+/'&%>'#*6! $'! 2+/-+)! 1+#$+)! $'! +1)6/:;6!
$'E%$6!+!&'#*/6)!$'!+1)6/:;6!%#)*vE'%)!^$'!&./*+!$./+:;6_!'>!H%1/+)!&6>!#w&2'6!$'!DU!^[3,87<!'![3,8
ib_!4+/+!1+%L+)!$6)')!'!1+%L+!*+L+!$'!$6)'O!D+/+!+2-.>+)!H%1/+)!&%#*%2+#*')a!&6>6!+![3,87<a!+)!1+#$+)!
$'!+1)6/:;6!')*+E+>!&'#*/+$+)!#+!/'-%;6!E'/>'2G+!$6!')4'&*/6!E%)5E'2!`CFa!CIca!'#t.+#*6!t.'!4+/+!+!
H%1/+! [3,8ib! +)! 1+#$+)! $'! +1)6/:;6! %#)*vE'%)! ')*+E+>! 26&+2%u+$+)! #+! 4+/*'! +u.2! $6! ')4'&*/6! `CFcO!
36#*/+/%+>'#*'a!p#622!`<Fc!/'H'/'!t.'!#+)!H%1/+)!&%#*%2+#*')!+!+1)6/:;6!%#$.u%$+!46/!/+$%+:;6!*'#$'!+!
+*'#.+/! )'/%+>'#*'! +! 2.u!#6! 2%>%*'!$+! /'-%;6! +u.2O!o%&É! '! Y6.H+2! `CFc! /'H'/'>!+%#$+!t.'!$'E%$6! +6)!
$%H'/'#*')!*%46)!$'!%44*%='4B!'#*/'!&%#*%2+$6/')!'!H%1/+)!-.%+a!+!+1)6/:;6!%#)*vE'2!#6)!&%#*%2+$6/')!#;6!
*'/%+!6/%-'>!#+!>+*/%u!$'!DU!>+)!)%>!#6)!H2w6/')!6.!6.*/6)!+$%*%E6)O!,+u'#$6!.>+!QU=!^;=*9)+(4#F,'4#
$*/(4%49*_! E'/%H%&+/+>! +4'#+)! .>+! 2%-'%/+! )61/'46)%:;6! '#*/'! +! +1)6/:;6! %#)*vE'2! '! 6! ')4'&*/6! $'!
H2.6/')&J#&%+!$6!&%#*%2+$6/!`CFcO!
K!/+$%+:;6!%6#%u+#*'!46$'!4/6E6&+/!$+#6!#+!>+*/%u!$+!H%1/+!'!#+)!>62?&.2+)!2.>%#')&'#*')O![2+G+!*)#%="!
`Cbc! '#*/'! 6.*/6)! `CFa! Cica! &6#H%/>+/+>! t.'! +! 4/%#&%4+2! &6#*/%1.%:;6! 4+/+! 6! $+#6! 46/! /+$%+:;6! '>!
H%1/+)! &%#*%2+#*')! /').2*+! $'! /'+&:s')! $+)! >62?&.2+)! 2.>%#')&'#*')O! d.+#$6! ).Ä'%*+)! +! 4+/*5&.2+)! $'!
Componentes para o protótipo do dosímetro 
 29 
'2'E+$+! '#'/-%+! +! /+$%+:;6! 46$'! t.'1/+/! 4'/>+#'#*'>'#*'! +! 2%-+:;6! 1%E+2'#*'! $+)! >62?&.2+)!
2.>%#')&'#*')! 46$'#$6! ')*+)! 2%-+/8)'! ! ')*/.*./+! $+! >+*/%u! `CbcO! Q>! -.%+)! $'! 2.ua! &6>6! +! [3,8iba!
46$'>!6&6//'/! +2*'/+:s')! %//'E'/)5E'%)a! &6>6!6! +4+/'&%>'#*6!$'!162G+)! '! H'#$+)!#+!>+*/%u! $+! H%1/+!
`Cfa!C@a!CbcO!
!
4"5"5"$7%8(32$9:'%132$1%&'%;3&'/2$:3(3$)$:()'9'%:)$
K)! H%1/+)! B4*%&+)! &%#*%2+#*')! >+%)! &6>.#)! &6#)%)*'>! #.>! #w&2'6! $'! 462%')*%/'#6a! &6>! 5#$%&'! $'!
/'H/+&:;6! #Ñ7aCb! &6#*'#$6! .>+! 4't.'#+! 4'/&'#*+-'>! $'! H2w6/! 6/-Å#%&6! `<FcO! T)! >+*'/%+%)! >+%)!
&6>.#)!4+/+!6!/'E')*%>'#*6!);6!6!DSSK!#Ñ7aAi!6.!6!D3!#Ñ7aA<O!D+/+!+2?>!$+!'H%&%J#&%+!$'!&%#*%2+:;6a!
.>!$6)!4/%#&%4+%)!+)4'&*6)!+!&6#)%$'/+/!#+!')&62G+!$'!.>!&%#*%2+$6/!?!+!&6//')46#$J#&%+!$+!'>%));6!
$6! &%#*%2+$6/! ! /')46)*+! ')4'&*/+2! $6! H6*6$'*'&*6/! `FfcO! K! H%1/+! [3,87<! *'>!.>!>vL%>6! $'! '>%));6!
+4/6L%>+$+>'#*'!#6)!A@C!#>!^,%-./+!AO@_O!
!
,%-./+!AO@P!Q)4'&*/6!$'!'>%));6!$+!H%1/+!&%#*%2+#*'![3,87<a!U+%#*8M61+%#!`@icO!
Z')*'!')*.$6!)'/v!.)+$+!+!H%1/+![3,87<!$+!U+%#*8M61+%#!^,%-./+!AOA_O!
!
,%-./+!AOAP!,%1/+![3,87<!%2.>%#+$+!&6>!2.u!1/+#&+O!
36>6! /'H'/%$6! +#*'/%6/>'#*'a! 6)! &%#*%2+$6/')! 6/-Å#%&6)! *J>! 1+%L6! /'#$%>'#*6O! K! 'H%&%J#&%+! $'!
+4/%)%6#+>'#*6!^)+%,,'4B#*<<'9'*49^_!$'!.>+!H%1/+!B4*%&+!?!'L4/'))+!46/!`CFcP!
!
!
^QtO!AO7_!
Ttrapp =
1 ! (nclad / ncore )[ ]
2
Capítulo 4 
 30 
U'#$6! 4+/+! +! [3,87<! 4#w&2'6Ñ7aFf! '! 4/'E')*%>'#*6! Ñ7aAi! 61*?>8)'! t.'! +! 'H%&%J#&%+! $'! +4/%)%6#+>'#*6!
$'E'/%+! )'/! @aAÖO! V'! +&6/$6! &6>! 6! H+1/%&+#*'! `@ica! +! H%1/+! [3,87<! +4/')'#*+! .>+! 'H%&%J#&%+! $'!
+4/%)%6#+>'#*6!#6>%#+2!$'!<aAÖa!&6//')46#$'#$6!+!.>!/'#$%>'#*6!$'!+4/6L%>+$+>'#*'!bfff!H6*s')!
46/! S'XO! K2-.>+)! H%1/+)! 46$'>! *'/! .>! )'-.#$6! /'E')*%>'#*6! 8! 15=)'S9=%&! ^S3_a! +.>'#*+$6! +!
'H%&%J#&%+!$'!+4/%)%6#+>'#*6!$+! 2.u!4/6$.u%$+O!Z')*'! &+)6a!$'!+&6/$6!&6>!6! H+1/%&+#*'a! +)! H%1/+)!S3!
+4/')'#*+! .>+! 'H%&%J#&%+! $'! +4/%)%6#+>'#*6! $'! CaFÖ! 4+/+! 6! &+)6! $'! H%1/+)! $'! )'&:;6! &%/&.2+/a!
+.>'#*+#$6! +! /')46)*+# '>! &'/&+! $'! FfÖ! &6>4+/+*%E+>'#*'! )! H%1/+)! /'4B=*S9=%&! ^U3_a! )'-.#$6! 6!
H+1/%&+#*'!`@icO!
D+/+!+E+2%+/!+!$%H'/'#:+!#+!/')46)*+!'#*/'!+)!H%1/+)!U3!'!S3a!.)6.8)'!.>+!H%1/+![3,87<!U3!'!.>+![3,8
7<!S3a!+>1+)!&6>!<f!&>!$'!&6>4/%>'#*6O!,'u8)'!%//+$%+/!&+$+!.>+!$+)!H%1/+)!&6>!.>+!H6#*'!$'!3)8
7@I!&6>!+&*%E%$+$'!Aa<C!µ3%!'!46)*'/%6/>'#*'!&6>!.>+!H6#*'!$'!368CI!&6>!+&*%E%$+$'!+4/6L%>+$+!$'!
<ff!µ3%a!&626&+$+)!4'/4'#$%&.2+/>'#*'!'>!&%>+!H%1/+a!6!>+%)!+H+)*+$6!$6!$'*'&*6/!46))5E'2!^Ü7b!&>_O!
T!+4+/+*6!')*v!$')&/%*6!#+!,%-./+!AOCO!!
!
,%-./+!AOCP!Q)t.'>+!$6!+4+/+*6!'L4'/%>'#*+2O!
T)!$+$6)!61*%$6)!'#&6#*/+>8)'!/'4/')'#*+$6)!#+!,%-./+!AOFO!X'/%H%&+8)'!t.'!+!/')46)*+!$+!H%1/+!S3!?!
)%-#%H%&+*%E+>'#*'!).4'/%6/a!4'26!t.'!?!&2+/+!+!E+#*+-'>!$')*+!'>!/'2+:;6!!H%1/+!U3O!
!
,%-./+!AOFP!=')46)*+!$+)!H%1/+)!U3!'!S3!t.+#$6!%//+$%+$+)!46/!H6#*')!$'!368CI!'!3)87@IO!
K! 't.%E+2J#&%+! ! v-.+! $'4'#$'! $6)! &6'H%&%'#*')! $'! +1)6/:;6! $'! '#'/-%+O! Z+! ,%-./+! AOI! ')*v!
/'4/')'#*+$+!+!E+/%+:;6!$6!&6'H%&%'#*')!>v))%&6)!$'!+*'#.+:;6!'!&6'H%&%'#*')!>v))%&6!$'!+1)6/:;6!$'!
'#'/-%+!4+/+!+!v-.+a!462%')*%/'#6!^D)_a!462%>'*%28>'*+&/%2+*6!^DSSK_!'!*'&%$6!>62'O!!
à%1/+)! DS0! D/?!8!K>4O!
K>42%à%&+$6/!
3+#1'//+!
K<f<<!
KV3!!
S3K!bfffK!
Componentes para o protótipo do dosímetro 
 31 
!
,%-./+!AOIP!36'H%&%'#*')!>v))%&6)!$'!+*'#.+:;6!'!$'!+1)6/:;6!$'!'#'/-%+!4+/+!$%H'/'#*')!>+*'/%+%)a!4+/+!/+%68R!+$+4*+$6!$'!`F7cO!
36#)%$'/+#$6! +! ,%-./+! AOIa! E'/%H%&+8)'! t.'! 6)! &6'H%&%'#*')! $'! +*'#.+:;6! 4+/+! 6! DU! '! DSSK!
+))'>'2G+>8)'!$6)!E+26/')!&6//')46#$'#*')!!v-.+!'!*'&%$6!>62'O!U'#$6!>+*'/%+%)!v-.+!'t.%E+2'#*')a!
+)).>'8)'! t.'! +! H%1/+! &%#*%2+#*'! [3,87<! #;6! 4'/*./1'! 6! &+>46! $'! /+$%+:;6a! #;6! G+E'#$6! +))%>! +!
#'&'))%$+$'!$'!&6//'&:s')!$+!$6)'!4+/+!+!'t.%E+2J#&%+!v-.+x*'&%$6O!
!
>#>#!J4'%!&*!;4K!
4"4"#"$<&'()*+,-)$
K4')+/! $'! +! >+%6/! +*'#.+:;6! +))6&%+$+! )! DT,)! /'2+*%E+>'#*'! )! H%1/+)! $'! )52%&+a! #6! Å>1%*6! $')*'!
')*.$6!+)!DT,)! )'/;6!+E+2%+$+)! &6>6!-.%+!$+! 2.u!$'! &%#*%2+:;6!+*?!+6! H6*6$'*'&*6/a! .>+!E'u!t.'! );6!
H%1/+)!$'!1+%L6!&.)*6a!>+%)!E'/)v*'%)a!/')%)*'#*')!'!$'!Hv&%2!>+#.)'+>'#*6O!T!>+*'/%+2!>+%)!&6>.>!#+!
4/6$.:;6!$'!H%1/+)!462%>?/%&+)!?!6!DSSKa!'L%)*%#$6!*+>1?>!+)!H%1/+)!$'!DU!'!H%1/+)!$'!462%&+/16#+*6!
^D3_!&6>!5#$%&'!$'!/'H/+&:;6!7aAia!7aCi!'!7aCb!/')4'&*%E+>'#*'!`F<cO!!
0'6/%&+>'#*'a!'>!+2-.>+)!-+>+)!+!+*'#.+:;6!DSSK8DT,!46$'!)'/!%#H'/%6/!!$'!.>+!DU8DT,!^0+1'2+!
AO<_O!!
!
!
!
Capítulo 4 
 32 
0+1'2+!AO<P!K*'#.+:;6!*'B/%&+!$'!$%H'/'#*')!4625>'/6)!`F<cO!
I8-5."8H!
DW0W/W!
J,B!
4"6@5.63/!05!;8XH5"7Y!
0ZJ[B!
NG6/.23/!<C!
0ZJ[B!
NG6/.23/!:O\!
0ZJ[B!
>/-8H!
0ZJ[B!
DSSK! C<f! <b! f! 7! <i!
! CIf! <f! f! I! <I!
! FCf! 7<! f! bb! 7ff!
DU! CC<! iC! <<! f! 77I!
! Cbf! Ib! 77! A! i@!
! F<A! Cb! A! <<! bA!
! FI<! A@! <! <A! Fi!
!
Q)*+)!H%1/+)!+4/')'#*+>!$%H'/'#*')!&6>46/*+>'#*6)a!4'26!t.'!)'/v!%>46/*+#*'!+E+2%+/!t.+2!6!*%46!H%1/+!
&6>!>'#6/!+*'#.+:;6!#+!/'-%;6!$'!'>%));6!$6!&%#*%2+$6/O!Z+!,%-./+!AOb!')*;6!/'4/')'#*+$+)!+)!&./E+)!
$'!+*'#.+:;6!'>!H.#:;6!$6!&6>4/%>'#*6!$'!6#$+!4+/+!H%1/+)!-'#?/%&+)!$'!DSSKa!D3!'!D3O!K)!H%1/+)!!
$'!DSSK!+4/')'#*+>!>'#6/!+*'#.+:;6!#+! /'-%;6!$6!+u.2!/'2+*%E+>'#*'!)! H%1/+)!$'!D3O!K!4+/*%/!$+!
,%-./+!AOb!^'>!1+%L6_!#;6!?!46))5E'2!E'/%H%&+/!t.+2!6!&6>46/*+>'#*6!$+!H%1/+!$'!DU!+1+%L6!$6)!Cff!#>a!
4'26! t.'! +4'#+)! )'! 46$'! ')4'&.2+/! t.'! +! H%1/+! $'! DU! *'/v! *+>1?>! >+%6/! +*'#.+:;6! #')*+! /'-%;6!
&6>4+/+*%E+>'#*'!!H%1/+!$'!DSSKO!
!
,%-./+!AObP!Q)4'&*/6!$'!+*'#.+:;6!$'!DT,)!'>!DSSKa!D3!^'>!&%>+_!'!DU!^'>!1+%L6_!`F<cO!
Componentes para o protótipo do dosímetro 
 33 
D+/+! +2?>!$+)! H%1/+)! /'H'/%$+)! +#*'/%6/>'#*'a! 46/! E'u')!$')%-#+$+)!46/! 9=*%+#á+E'-.%$'a! .>+!6.*/+!
46))%1%2%$+$'! ?! .*%2%u+/! H%1/+)!_%Q*=*4BW)#/W'<)*+! ^o(U_O! Q>! /'2+:;6! )! H%1/+)! &%#*%2+#*')a! ')*+)! H%1/+)!
o(U! %#&2.'>!.>! H2w6/! +$%&%6#+2a! +1)6/E'#$6!+! 2.u!$'! &%#*%2+:;6! '>%*%#$68+!46)*'/%6/>'#*'! &6>!.>!
&O$O6O!).4'/%6/!^,%-./+!AOi_a!4'/>%*%#$6!+))%>!+$+4*+/!6!')4'&*/6!$'!'>%));6!$6!&%#*%2+$6/!+6!>vL%>6!
$'!'H%&%J#&%+!t.Å#*%&+!$6!H6*6$'*'&*6/W!
!
,%-./+!AOiP!Q)t.'>+!$'!+1)6/:;6!'!'>%));6!#.>+!H%1/+!o(Ua!+$+4*+$6!$'!`AfcO!
K! ')&62G+! +$'t.+$+! $+! H%1/+! -.%+! $'! 2.u! 46$'! )'/! $'*'/>%#+#*'! 4+/+! +! )'#)%1%2%$+$'! '! /')46)*+! $6!
$6)5>'*/6O! Z.>! $6)5>'*/6! &6>! +! &6#H%-./+:;6! 4/'*'#$%$+a! t.+#$6! 'L46)*6! ! /+$%+:;6! #;6! )B! 6!
&%#*%2+$6/!?!%//+$%+$6!>+)!*+>1?>!.>+!46/:;6!$+!H%1/+!-.%+!$'!2.uO!d.+#$6!%//+$%+$+)a!*+#*6!+)!H%1/+)!
&%#*%2+#*')!&6>6!+)!DT,!-.%+!$'!2.u!46$'>!'L%1%/!.>!)%#+2!t.'!%/v!6/%-%#+/!.>!/.5$6!$'!H.#$6!`7Ia!<<a!
ACa!CCa!Cba!F@a!FAcO!Q)*'!/.5$6!?!&6#G'&%$6!&6>6!/)*1#*<<*9)!'!+!).+!%#*'#)%$+$'!E+/%+!&6>!+!'L*'#);6!$'!
H%1/+!'L46)*+!!/+$%+:;6!`ACcO!
!
4"4"!$='/>$/00/1'?$.@/(/&A)B$/$;+>%&/21C&1%3$
T!/.5$6!&6#G'&%$6!&6>6!/)*1#*<<*9)!`7Ic!*'>!$.+)!&6>46#'#*')!+))6&%+$+)P!+!/+$%+:;6!$'!3G'/'#É6Ea!
>+%)!%#*'#)+!'!>'#6)!)%-#%H%&+#*'!+!H2.6/')&J#&%+a!-'/+$+!#+!H%1/+!4'2+!'L&%*+:;6!$6)!'2'&*/s')a!`<<a!ACcO!
K!/+$%+:;6!$'!3G'/'#É6E!*'>!6/%-'>!'>!4+/*5&.2+)!&+//'-+$+)!&6>!'#'/-%+!).H%&%'#*'!4+/+!+*/+E'))+/!
.>!>+*'/%+2! %)62+$6/!&6>!E'26&%$+$'!).4'/%6/!!E'26&%$+$'!$'!4/64+-+:;6!$+!2.u!#'))'!>')>6!>'%6!
`@7cO!T.!)'Ä+!!
! ( #{7! ^QtO!AO<_!
6#$'!4!?!6!5#$%&'!$'!/'H/+&:;6!$6!>'%6!'!(!&6//')46#$'!!/+u;6!'#*/'!+!E'26&%$+$'!$+!4+/*5&.2+!#6!>'%6!
'!+!E'26&%$+$'!$+!2.u!#6!Ev&.6O!V+t.%!/').2*+!+!'>%));6!$'!H6*s')!$'!2.u!$+!/'-%;6!$6!.2*/+8E%62'*+!+6!
Capítulo 4 
 34 
E%)5E'2! ^+u.2_! `FCcO! K! '>%));6! $'! H6*s')! /').2*+! $+! 4'/*./1+:;6! $'! H6/>+! &6'/'#*'! $'!>62?&.2+)! $6!
>+*'/%+2! 4/6E6&+$+! 4'26! >6E%>'#*6! $+! 4+/*5&.2+! &+//'-+$+! &6>! .>+! $'*'/>%#+$+! '#'/-%+! >5#%>+!
`@7cO!Q#t.+#*6!t.'!+! 2.u!$'!&%#*%2+:;6!?!'>%*%$+! %)6*/64%&+>'#*'a!+!/+$%+:;6!$'!3G'/'#É6E!?!'>%*%$+!
4/'H'/'#&%+2>'#*'!#+!$%/'&:;6!$+!E'26&%$+$'!$+!4+/*5&.2+!H+u'#$6!&6>!')*+!.>!Å#-.26!%!^,%-./+!AO7f_!
`7<a!<Fca!*+2!t.'P!!
! % Ñ!+/&6)^7x( 4_! ^QtO!AO@_!
E'/%H%&+#$68)'!+))%>!+!$'4'#$J#&%+!$6!Å#-.26!$'!'>%));6!&6>!6!5#$%&'!$'!/'H/+&:;6!$6!>'%6a!6.!)'Ä+a!
&6>!6!&6>4/%>'#*6!$'!6#$+!^&O$O6O_!$+!/+$%+:;6!$'!3G'/'#É6EO!!
!
,%-./+!AO7fP!36#'!$'!3G'/'#É6E!`AFcO!
K))%>a!+!$%)4'/);6!$#^)_x$)!)'/v!>+%6/!#+!/'-%;6!$6)!.2*/+8E%62'*+!^NX_!`<IcO!T!/'#$%>'#*6!$'!H6*s')!
$'!3G'/'#É6E!46/!.#%$+$'!$'!&O$O6O!?!4/646/&%6#+2!+!7x)<!6#$'!)!?!6!&O$O6O!$+!/+$%+:;6!$'!3G'/'#É6Ea!
H+u'#$6!&6>!t.'!+!'>%));6!)'Ä+!&6#&'#*/+$+!#.>+!/'-%;6!$6!')4'&*/6!`<<a!<Fa!<Ia!ACcO!
K! E'26&%$+$'! >5#%>+! t.'! .>+! 4+/*5&.2+! #'&'))%*+! 4+/+! -'/+/! 2.u! $'! 3G'/'#É6E! #.>! $+$6! >'%6! ?!
*/+$.u%$+!4'2+!'#'/-%+!&%#?*%&+!$'))+!4+/*5&.2+a!)'#$6!t.'P!
! !
^QtO!AOA_!
6#$'!
!
!
^QtO!AOC_!
K! '#'/-%+! >5#%>+! 6.! )W+*/W(=&# *4*+B^! 4+/+! .>+! H%1/+! B4*%&+! &6>! #w&2'6! $'! DSSK! ^#Ñ7aAi_! )'/v!
+4/6L%>+$+>'#*'!7bf!É'XO!K4')+/!$')*'!E+26/a!(+>1'/*!*)#%="#`ACc!/'H'/'!t.'!4+/+!+)!H%1/+)!B4*%&+)!+!
'#'/-%+!>5#%>+!4+/+!t.'!.>!'2'&*/;6!4/6$.u+!2.u!$'!3G'/'#É6E!?!&'/&+!$'!@ff!É'XO!
Z6!*/+*+>'#*6!$6!&+#&/6!$+!4/B)*+*+!);6!-'/+2>'#*'!.)+$+)!H6#*')!$'!1+%L+!+&*%E%$+$'!&6>6!D$87f@!
6.! 987<CO! K! '#'/-%+!>?$%+! '>%*%$+! 46/! ')*+)! H6#*')! ?! <7! '! <b! É'X! `<c! /')4'&*%E+>'#*'a! 4'26! t.'! )'!
'#&6#*/+>!+1+%L6!$6!2%>%+/!4+/+!t.'!G+Ä+!4/6$.:;6!$'!2.u!$'!3G'/'#É6EO!(+>1'/*!*)#%="#`ACc!/').>'!
*/J)!$+)!4/%#&%4+%)!H6/>+)!$'!'2%>%#+/!6!/.5$6!+))6&%+$6!!/+$%+:;6!$'!3G'/'#É6EP!
EC = !mec2 " mec2 = (! "1)mc2
! = 1
1" # 2
$! = n
n2 "1
Componentes para o protótipo do dosímetro 
 35 
8! K! >+%)! &6>.>! &6#)%)*'! '>! .)+/! .>+! )'-.#$+! H%1/+! )'>! 6! &%#*%2+$6/! 4+/+2'2+! ! H%1/+! $6!
$6)5>'*/6a! 4'/>%*%#$6! &+4*+/! 6! )%#+2! $'! H.#$6! 4/6&'$'#$68)'! 46)*'/%6/>'#*'! ! ).1*/+&:;6!
$6)!)%#+%)!$+)!$.+)!H%1/+)O!
8!N>!)'-.#$6!>?*6$6!&6#)%)*'!#+!$%)&/%>%#+:;6!'#*/'!+!2.u!$'!3G'/'#É6E!'!+!2.u!$'!&%#*%2+:;6!
&6>!1+)'!#6!&+/v&*'/! *'>468$'4'#$'#*'!$')*')!$%H'/'#*')! H'#B>'#6)O!0+2!?!46))5E'2!+4'#+)!
'>! H'%L')! $'! /+$%+:;6! 4.2)+$6)! #;6! )'#$6! 46/! %))6! +42%&vE'2! +! H6#*')! $'! '>%));6! &6#*5#.+!
&6>6!?!6!&+)6!$+)!H6#*')!$'!1/+t.%*'/+4%+!`AicO!
8! T! *'/&'%/6! >?*6$6! &6#)%)*'! #+! /'>6:;6! $+! 2.u! $'! 3G'/'#É6E! 46))5E'2! $'E%$6! ! $%H'/'#*'!
'>%));6!')4'&*/+2!$6!)%#+2!4/6E'#%'#*'!$6!&%#*%2+$6/!$+!H2.6/')&J#&%+!'!$+!2.u!$'!3G'/'#É6EO!K!
2.u! $'! 3G'/'#É6E! ?! $6>%#+#*'! #+! /'-%;6! +u.2! $6! ')4'&*/6a! 4'26! t.'! )'! 46$'! 64*+/! 46/! .>!
&%#*%2+$6/! &6>! '>%));6! #.>! &O$O6O! >+%6/O! Z.>! ')*.$6! /'+2%u+$6! 46/! $'! [6'/! *)# %="# `FFc! H6%!
+E+2%+$6!.>!&%#*%2+$6/!&6>!'>%));6!#6!2+/+#Ä+a!>+)!6)!+.*6/')!E'/%H%&+/+>!t.'!4'2+!+42%&+:;6!
$6! H%2*/6! B4*%&6! )'! 61)'/E+E+! .>! $'&/?)&%>6! $'! CfÖ! #+! 2.u! $+! H%1/+! &6>4+/+*%E+>'#*'! +6!
&%#*%2+$6/!+u.2O!V'!.>!>6$6!-'/+2a!')*+!64:;6!+4')+/!$'!+.>'#*+/!+!UZ=a!2'E+!!$%>%#.%:;6!$+!
t.+#*%$+$'!$'! 2.u!$'! &%#*%2+:;6!+! )'/! /'&62G%$+!#6! H6*6$'*'&*6/O!S?*6$6!)'>'2G+#*'!?!.)+$6!
46/!,6#*16##'!*)#%="#^9')"#'4!`ACc_!'!32%H*!*)#%="#^9')"#'4!`ACc_O!
Q>! <ffba! ['%'/G62>! *)# %="# `7Ic! +42%&+! .>! >?*6$6! $')%-#+$6! 46/! /'>6:;6! &/6>v*%&+O! Q)*'! >?*6$6!
&6#)%)*'! #+! /'>6:;6! $+! &6>46#'#*'! .2*/+8E%62'*+! ^NX_! $6>%#+$+! 4'26! /)*1# *<<*9)! >+#*'#$6! +!
&6>46#'#*'!E%)5E'2!$'!&%#*%2+:;6!`7IcO!['%'/G62>!)+2%'#*+!t.'!')*'!>?*6$6!1+)'%+8)'!'>!$6%)!+)4'&*6)P!
+!*+L+!$'!&6#*+-'>!'#*/'!6)!$6%)!&+#+%)!$'E'/v!)'/!2%#'+/!&6>!+!46/:;6!$'!H%1/+!%//+$%+$+!'!+!/+u;6!2.u!
+u.2xNX!$'E'/v!)'/!%#$'4'#$'#*'!$+)!&6#$%:s')!$'!%//+$%+:;6O!='&'#*'>'#*'a!Z+)'/%!*)#%="#61*%E'/+>!
16#)!/').2*+$6)!%#*'/&+2+#$6!6!&%#*%2+$6/!'!+!H%1/+!B4*%&+!&6>!.>!-.%+!$'!2.u!&6>!#w&2'6!6&6!^,%-./+!
AO77_! `FIcO! T.*/6)! +.*6/')!>6)*/+/+>! 61*'/! /').2*+$6)! +&'%*vE'%)! &6>! 6!>')>6! 4/6&'$%>'#*6! `ACc!
`CfcO!
!
,%-./+!AO77P!V%+-/+>+!')t.'>v*%&6!$6!$6)5>'*/6!$'!&%#*%2+:;6!&6>!#w&2'6!$'!+/!`FIcO!
Z.>!$6)5>'*/6!$')'#E62E%$6!46/!(+>1'/*!*)#%="#`ACca!&6#)%)*%#$6!#.>!&%#*%2+$6/!6/-Å#%&6!+&642+$6!+!
.>+!DT,! &6>!7!>>!$'!$%Å>'*/6a! t.+#$6! %//+$%+$6!46/! 9/87i<! ^H6#*'!.)+$+! '>!1/+t.%*'/+4%+8gV=a!
&6>!'>%));6!$'!!H6*s')!'#*/'!6)!Cf!É'X!'!6)!bff!É'Xa!&6>!4%&6)!#6)!@7F!É'X!'!AFb!É'X_!+!>+-#%*.$'!
$+! 2.u! $'! 3G'/'#É6E! '! $'! H2.6/')&J#&%+! 61)'/E+$+! H6%! %#H'/%6/! +! fa7Ö! $6! )%#+2a! 4'26! t.'! 6)! +.*6/')!
&6#&2.5/+>!#;6!)'/!#'&'))v/%6!4/6&'$'/!!/'>6:;6!$6!)%#+2!+))6&%+$6!+6!/)*1#*<<*9)!`ACcO!
Capítulo 4 
 36 
Z+!-'#'/+2%$+$'a! 6)!$6)5>'*/6)!64'/+>!'>!>6$6!$'! %#*'-/+:;6!$'! &+/-+!6.!>6$6!$'! &6//'#*'a! #;6!
4'/>%*%#$6!$')*+! H6/>+!6! )'.! H.#&%6#+>'#*6!4+/+!1+%L6)! H2.L6)!$'! /+$%+:;6a!$'E%$6!!1+%L+! /'2+:;6!
UZ=!+4/')'#*+$+!#')*'!/'-%>'O!N>+!6.*/+!46))%1%2%$+$'!4+/+!&6#*6/#+/!6!/)*1S*<<*9)!?!$')'#E62E'/!.>!
$6)5>'*/6! 1+)'+$6! '>! 42v)*%&6)! &%#*%2+$6/')! +! 64'/+/'>! '>! >6$6! $'! %>4.2)6O! Z')*'! /'-%>'! +!
'E'#*.+2!&6#*/%1.%:;6!$+!/+$%+:;6!$'!3G'/'#É6E!46$'!)'/!$')4/'u+$+!6.!H+&%2>'#*'!&6//%-%$+!+*/+E?)!
$+! +#v2%)'! ')4'&*/+2a! .>+! E'u! t.'! +! 2.u! $'! 3G'/'#É6E! ^&6>! >'#6/! %#*'#)%$+$'_! 46$'/v! )'/!
$')&/%>%#+$+! $6! )%#+2! 6/%-%#+$6! 46/! 'H'%*6! $'! 36>4*6#a! .>+! E'u! t.'! 6! 'H'%*6! H6*6'2?&*/%&6! #;6! ?!
)%-#%H%&+*%E6!4+/+!'2'>'#*6)!$'!1+%L6!Y!&6>6!#6!&+)6!$+)!H%1/+)!B4*%&+)O!
N>+!')&62G+!46#$'/+$+!$+!H%1/+!&%#*%2+$6/+!'!$+!H%1/+!-.%+!$'!2.u!46$'!*+>1?>!>%#%>%u+/!6!'H'%*6!$'!
3G'/'#É6EO! U'-.#$6! K/&G+>1+.2*! `Abca! t.+#*6! >+%6/! 6! Å#-.26! $'! +&'%*+:;6! ^*>+L_! $+! H%1/+! B4*%&+!
>'2G6/! )'/v! 6! )'.!$')'>4'#G6! ^&6>4+/+*%E+>'#*'! +6)! &%#*%2+$6/')!42v)*%&6)_O!K! +1'/*./+!#.>?/%&+!
^KZ_!$'!.>+!H%1/+!B4*%&+!?!$'H%#%$+!4'26!)'#6!$6!Å#-.26!*>+L!`F<ca!6#$'!*>+L!&6//')46#$'!+6!Å#-.26!$'!
+&'%*+:;6!$+!2.u!#+!H+&'!$'!.>+!H%1/+a!2.u!'))+!t.'!)'/v!/'H/+&*+$+!&6>!.>!Å#-.26!*>+L!`F<cO!T!E+26/!$+!
+1'/*./+! #.>?/%&+! $'4'#$'! .#%&+>'#*'! $+! $%H'/'#:+! '#*/'! 6)! 5#$%&')! $'! /'H/+&:;6! $6! #w&2'6! '! $+!
1+5#G+!^&#_a!*+2!t.'!`F<cP!
! AN = sin!max = nnúcleo. 2.!n ! ^QtO!AOF_!
D+/+! &6#)'-.%/! .>+! >+%6/! +1'/*./+! #.>?/%&+a! >+%6/! $'E'/v! )'/! +! $%H'/'#:+! '#*/'! 6)! 5#$%&')! $'!
/'H/+&:;6!$6!#w&2'6! $6! /'E')*%>'#*6a!&#! `AFc! `AbcO!Z6! '#*+#*6! +2-.>+)!$')E+#*+-'#)! 46$'>! )./-%/!
.>+!E'u!t.'!+!H/+&:;6!$'!/+$%+:;6!$'!3G'/'#É6E!&+4*./+$+!#+!H%1/+!B4*%&+!+.>'#*+!'>!H.#:;6!$')*+!
$%H'/'#:+!`Abc!'!6!Å#-.26!$'!+&'%*+:;6!$+!H%1/+!?!/'$.u%$6!^,%-./+!AO7<_O!!
!
,%-./+!AO7<P!9#*'#)%$+$'!/'2+*%E+!$+!2.u!$'!3G'/'#É6E!&+4*./+$+!'>!H.#:;6!$6!5#$%&'!$'!/'H/+&:;6!'!$+!+1'/*./+!#.>?/%&+!$6!
-.%+!$'!2.u!`AFcO!
!
4"4"5"$DE7$F+%3$*/$;+G$:3(3$)$:()'9'%:)$
D+/+! )'2'&&%6#+/! +! H%1/+! -.%+! $'! 2.u! +$'t.+$+a! H6/+>! +E+2%+$6)! $6%)! *%46)! $'! H%1/+)! &6>! $%H'/'#*')!
&+/+&*'/5)*%&+)a! .>+! H%1/+! $+! K-%2'#*! 0'&G#626-%')! &6>! #w&2'6! $'! DSSK! '! .>+! H%1/+!j%Q*=*4BW)#
FW'<<)'4B#K'C*+!^o(U_!$+!U+%#*8M61+%#!3/z)*+2)!^[3,8i7K_!&6>!#w&2'6!$'!DU!)'#$6!+!1+5#G+!'>!+&/52%&6!
Componentes para o protótipo do dosímetro 
 37 
^/'4B=*S9=%&_! 6.! +&/52%&6xH2w6/8+&/52%&6! #+)! H%1/+)!15=)'S9=%&O! K)! H%1/+)!15=)'S9=%&! ^S3_! K2-.>+)! $+)!
&+/+&*'/5)*%&+)!$')*+)!H%1/+)!'#&6#*/+>8)'!#+!0+1'2+!AO@O!
0+1'2+!AO@P!3+/+&*'/5)*%&+!$+)!H%1/+)!')*.$+$+)!`@ia!FbcO!
]"G.8! ;5M5.^,D"8! 456D."23/! )JBB! U_DH5/! ,,_DH5/! ,G8A,Y8! NG5.-1.8!,1BE."D8!
8-5,1823/!!
!!!!!!0ZJB!
KE+-6! g,[=8=! DSSK!9=*%+#
_%Q*B5'&*#
7! DSSK! 7aAi<! 7aA7I! faAI! fa7i!
U+%#*8M61+%#!! [3,8i7K! j\F#15=)'S9=%&#
7! DU! 7aF!
7aAi!x!
7aA<!
faIA! #O$O!
!
K>1+)! +)! H%1/+)! );6! /)*,S'4&*]! ^,%-./+! AO7@_! 4'26! t.'! +! +1'/*./+! #.>?/%&+! ?! &6#)*+#*'! +6! 26#-6! $'!
*6$6!6!#w&2'6!`F<cO!!
!
,%-./+!AO7@P!D'/H%2!$'!.>+!H%1/+!)*'48%#$'L!`F<cO!
N>!>+%6/!Å#-.26!$'!+&'%*+:;6!4'/>%*'!>+%6/!'H%&%J#&%+!#6!+&642+>'#*6!'#*/'!+!H%1/+!'!6!&%#*%2+$6/!`Fic!
'!/'$.u!+)!4'/$+)!+))6&%+$+)!+!&./E+*./+)!+!t.'!+!H%1/+!46))+!')*+/!).Ä'%*+!`F<ca!4'26!t.'!+!H%1/+![3,8
i7K!+4/')'#*+!&+/+&*'/5)*%&+)!)'>'2G+#*')!+6!&%#*%2+$6/!^[3,87<_!'!.>+!>+%6/!+1'/*./+!#.>?/%&+!^KZ_!
/'2+*%E+>'#*'!!H%1/+!$'!DSSKO!Z6!'#*+#*6a!'!&6>6!/'H'/%$6!+#*'/%6/>'#*'!^,%-./+!AOb_a!+)!H%1/+)!&6>!
#w&2'6!'>!D)!+4/')'#*+>a!!4+/*%$+a!>+%6/!+*'#.+:;6!#+!/'-%;6!$6!+u.2O!K4')+/!$%))6!+!H%1/+![3,8i7a!
)'#$6! .>+! H%1/+! o(Ua! 46$'! +4/')'#*+/! .>! &6>46/*+>'#*6! $%H'/'#*'! $+)! H%1/+)! $'! DU! '! H%1/+)! $'!
DSSK!.)+$+)!'>!*'2'&6>.#%&+:s')O!D6/!'))+!/+u;6!+E+2%6.8)'!+!/')46)*+!$+)!$.+)!H%1/+)!'>!$%H'/'#*')!
)%*.+:s')a!&6#H6/>'!$')&/%*6!#+)!)'&:s')!)'-.%#*')O!
!
4"4"5"#"$D(/:3(3,-)$*32$0%8(32$
T!&6/*'!$+)! H%1/+)!$'!42v)*%&6!46$'!)'/!/'+2%u+$6!&6>!H+&%2%$+$'O!Z6!'#*+#*6!+!).4'/H5&%'!$+! H%1/+! H%&+!
&6>! >.%*+)! %>4'/H'%:s')! ^,%-./+! AO7A_a! %>42%&+#$6! +! $%)4'/);6! $+! 2.u! '! 46))5E'%)! 4'/$+)! #6!
+&642+>'#*6!&6>!6!H6*6$'*'&*6/O!!
Capítulo 4 
 38 
!
,%-./+!AO7AP!K)4'&*6!$'!.>+!H%1/+!B4*%&+!$'!42v)*%&6!+4B)!6!&6/*'!&6>!.>!+2%&+*'!$'!&6/*'O!
D+/+!+.>'#*+/!+!'H%&%J#&%+!#6!+&642+>'#*6!?!#'&'))v/%6!/'+2%u+/!6!462%>'#*6!$+!'L*/'>%$+$'!$+!H%1/+O!
D+/+!%))6!.)+/+>8)'!*/J)!2%L+)!$'!$%H'/'#*'!5#$%&'a!')*+#$6!6)!/').2*+$6)!61*%$6)!4+/+!&+$+!.>+!$'))+)!
2%L+)!%2.)*/+$6)!#+!,%-./+!AO7CO!
!
,%-./+!AO7CP!Q*+4+)!$6!462%>'#*6!'>!*/J)!4+))6)a!&6>!2%L+!&6>!-/;6!7fffa!Fff!'!@!µ>O!
 
4"4"5"!"$0%8(3$DHHI$
K!'>%));6!$6!&%#*%2+$6/!^[3,87<_!?!#+!/'-%;6!$6!+u.2!&6>!.>!>vL%>6!#6)!A@C!#>O!D+/+!&6#H%/>+/!6!
&6>46/*+>'#*6!$+!H%1/+!$'!DSSK!#')*+!/'-%;6a!H6%!/'+2%u+$6!6!')*.$6!$+!*/+#)>%));6!$+!2.u!#+!H%1/+O!
N)6.8)'!&6>6!H6#*'!$'!2.u!1/+#&+!.>+!2Å>4+$+!$'!*.#-)*?#%6!^7<Xa!iK_a!4+/+!&62%>+:;6!$+!2.u!$+!H%1/+!
.)+/+>8)'!$.+)!2'#*')!$'!)52%&+!H.#$%$+!&6>!$%)*Å#&%+!H6&+2!$'!IC!>>O!36>6!H6*6$'*'&*6/!.)6.8)'!.>!
')4'&*/B>'*/6! KE+#! U4'&! 7f<AO! Z+! ,%-./+! AO7F! ')*v! /'4/')'#*+$6! 6! ')4'&*/6! #6/>+2%u+$6! $+!
*/+#)>%));6!61*%$6!4+/+!+!H%1/+!$'!DSSKO!D'/&'4*5E'2!!E%)*+!$')+/>+$+a!+!&6>46#'#*'!4/'$6>%#+#*'!
#+!H%1/+!61)'/E+$+!)%*.+E+8)'!#+!/'-%;6!$6!E'/$'x+>+/'26O!0+2!')*v!$'!+&6/$6!&6>!6!')4'&*/6!61*%$6!
^,%-./+!AO7F_a!#6!t.+2! E'>6)!t.'!6!>vL%>6!$'! %#*'#)%$+$'! &6//')46#$'! )'#)%E'2>'#*'!+6)!CFf!#>O!
T1)'/E+>8)'! *+>1?>! 6)! >vL%>6)! $'! */+#)>%));6! &6//')46#$'#*')! )! &6#G'&%$+)! Ä+#'2+)! $'!
+*'#.+:;6!$'!C<f!'!FCf!#>O!!
Componentes para o protótipo do dosímetro 
 39 
!
,%-./+!AO7FP!0/+#)>%));6!#+!H%1/+!$'!DSSKa!&6//%-%$6!/'2+*%E+>'#*'!+6!')4'&*/6!$+!2Å>4+$+O!
!
4"4"5"5"$0%8(3$J.7KL#I$
9/,*7)+(!&*!*1'//6(!*!%A/(+56(!
V'! +&6/$6! &6>! 6! H+1/%&+#*'a! +! H%1/+!_%Q*=*4BW)# /W'<)*+! ^o(U_! [3,8i7K! +4/')'#*+! 6! )'.!>vL%>6! $'!
+1)6/:;6!#6)!A<C!#>a!&6>!'>%));6!#+!/'-%;6!$6)!Cff!#>!^E'/$'_a!,%-./+!AO7IO!!
!
,%-./+!AO7IP!Q)4'&*/6!$'!+1)6/:;6!'!'>%));6!$+!H%1/+![3,8i7K!$+!U+%#*8M61+%#!`@icO!
0+2!&6>6!'H'&*.+$6!4+/+!+!H%1/+!$'!DSSKa!+E+2%6.8)'!6!')4'&*/6!$'!*/+#)>%));6!4+/+!+!H%1/+![3,8i7K!O!
N)6.8)'! .>+! H%1/+! [3,8i7! &6>! 'L*'#);6! $'! <! >O! Z+! ,%-./+! AO7b! ')*;6! /'4/')'#*+$6)! 6)! E+26/')!
&6//%-%$6)!/'2+*%E+>'#*'!!2Å>4+$+O!
Capítulo 4 
 40 
!
,%-./+!AO7bP!0/+#)>%));6!#+!H%1/+!H%1/+![3,8i7Ka!')4'&*/6!&6//%-%$6!/'2+*%E+>'#*'!+6!')4'&*/6!$+!2Å>4+$+O!
36>6!)'/%+!$'!')4'/+/a!$'E%$6!!+1)6/:;6!t.'!+! H%1/+!+4/')'#*+a!E'/%H%&+8)'!>'#6/! */+#)>%));6!4+/+!
&6>4/%>'#*6)!$'!6#$+!+1+%L6!$6)!Cff!#>!$'#6*+#$68)'!&2+/+>'#*'!.>+!>+%6/!*/+#)>%));6!+6)!C7f!
#>! +4/6L%>+$+>'#*'O! K#+2%)+#$6! +)! H%-./+)! ,%-./+! AO7I! '! ,%-./+! AO7ba! E'/%H%&+8)'! .>+! %#&6'/J#&%+!
'#*/'!+! %#H6/>+:;6!+4/')'#*+$+a!#+!>'$%$+!'>!t.'!6)!$+$6)!4+/'&'>! %#$%&+/!t.'!+! H%1/+!+4/')'#*+!
+1)6/:;6!#.>!4't.'#6! %#*'/E+26!$+! /'-%;6!'>!t.'!'>%*'O!Z6!')4'&*/6!$'! */+#)>%));6! ^,%-./+!AO7b_!
61)'/E+8)'!t.'!+! H%1/+!+1)6/E'!-/+#$'!4+/*'!$+! 2.u!+*?!&'/&+!$6)!Cff!#>a!&O$O6O!t.'!)'!)61/'4s'!'>!
4+/*'!+6!')4'&*/6!$'!'>%));6!$+!H%1/+!^,%-./+!AO7I_O!!
D+/+!')&2+/'&'/!')*'!+)4'&*6a!H6%!/'+2%u+$+!.>+!+#v2%)'!D(Q!8!,W()(=51'4*/9*49*#*]9')%)'(4O!T!)%)*'>+!$'!
H6*62.>%#')&J#&%+!$'!'L&%*+:;6!$%E%$'8)'!'>!$6%)!).18)%)*'>+)a!6!)%)*'>+!$'!'L&%*+:;6!'!6!)%)*'>+!$'!
&62'&:;6O! T! )%)*'>+! $'! 'L&%*+:;6! ?! &6#)*%*.5$6! 46/! .>! !>6#6&/6>+$6/! ^g/bff_! '! .>+! 2Å>4+$+! $'!
R?#6#!$'!7fff!o+**)a!6!+&642+>'#*6!$+! 2Å>4+$+!+6!>6#6&/6>+$6/!?! H'%*6!46/!$.+)! 2'#*')!$'!)52%&+!
H.#$%$+O! K)! +>6)*/+)! );6! &626&+$+)! #.>+! &6#H%-./+:;6! }C%9fS/9%))*+'4B}! ^6! H'%L'! $'! 2.u! %#&%$'!
4'/4'#$%&.2+/>'#*'!!H%1/+_O!K!2.u!$'!'L&%*+:;6!>6#6&/6>v*%&+!!^4/6E'#%'#*'!$6!)%)*'>+!$'!'L&%*+:;6_!
?! H6&+$+! #+! H%1/+! .)+#$6! .>+! 2'#*'O! K! 2.u! '>%*%$+! 4'2+! H%1/+!?! &62'&*+$+! '! H6&+$+! #+! '#*/+$+! $6!
>6#6&/6>+$6/! ^+))6&%+$6! +6! )%)*'>+! $'! /'&62G+_! !+*/+E?)! $'! .>+! 2'#*'O! T! )%)*'>+! $'! /'&62G+! ?!
&6#)*%*.5$6! 46/! .>!>6#6&/6>+$6/! ^g*/! 7fff_! '! .>! H6*6>.2*%42%&+$6/! !^g+>+>+*).! =ibf_O! 06$6! 6!
&6#*/62'! '! +! +t.%)%:;6! $'! $+$6)! );6! /'+2%u+$6)! 46/! .>! &6>4.*+$6/O! V')*+! +#v2%)'! 61*%E'/+>8)'! 6)!
')4'&*/6)!'!+1)6/:;6!'!$'!'>%));6!4+/+!+!H%1/+![3,8i7K!t.+#$6!%//+$%+$+!&6>!2.u!NX!^+4/6LO!@Cf!#>_!
^,%-./+!AO7i_O!
Componentes para o protótipo do dosímetro 
 41 
!
,%-./+!AO7iP!K#v2%)'!D(Q!4+/+!+!H%1/+![3,8i7KO!
V6!')*.$6!$'!D(Qa!61)'/E6.8)'!t.'!6)!')4'&*/6)!$'!+1)6/:;6!'!+*'#.+:;6!+4/')'#*+>!.>+!4't.'#+!
)61/'46)%:;6! t.'! ?! >+%6/! $6! t.'! +! +4/')'#*+$+! 4'26! H+1/%&+#*'! ^,%-./+! AO7I_O! Z6! '#*+#*6! ')*+!
)61/'46)%:;6!61)'/E+$+a!#;6!$'E'/v!+H'&*+/!)%-#%H%&+*%E+>'#*'!+!'H%&%J#&%+!#6!/W'<)!$+!2.u!+u.2!'>%*%$+!
4'26!&%#*%2+$6/O!T!')4'&*/6!$'!+1)6/:;6!61*%$6!&6>!6!D(Qa!4'/>%*'!&6#H%/>+/!6)!/').2*+$6)!$6!')*.$6!
$'!*/+#)>%));6!/'+2%u+$6!,%-./+!AO7bO!
!
L)*34%56(!7(1!%!&'/)B37'%!
K!+*'#.+:;6!B4*%&+!$'!.>+!H%1/+!$')&/'E'!+!4'/$+!$'!2.u!'#*/'!6!'4,5)!'!6!(5),5)!#'))+!H%1/+!`F<cO!K)!
H%1/+)!_%Q*=*4BW)#/W'<)*+!^o(U_!);6!.>!*%46!$'!H%1/+!4+/*%&.2+/a!4'26!t.'!6)!H2w6/')!/')46#)vE'%)!4'26!
/W'<)! E;6! +.>'#*+/! +! +*'#.+:;6! $+! 2.u! #+! H%1/+! `<FcO! T! &6>4/%>'#*6! $'! +*'#.+:;6! &6//')46#$'! !
$%)*Å#&%+!4+/+!+!t.+2!6!H'%L'!$'&+%!4+/+!7x'!$+!).+!%#*'#)%$+$'a!6.!4+/+!+!t.+2!&'/&+!$'!F@Ö!$6)!H6*s')!
H6/+>!4+/+$6)O!V'!+&6/$6!&6>!6!H+1/%&+#*'!`@ic!6!&6>4/%>'#*6!$'!+*'#.+:;6!^7x'_!?!).4'/%6/!+!@aC!>a!
#6!'#*+#*6!6!H+1/%&+#*'!#;6!/'H'/'!4+/+!t.+2!&O$O6O!&6//')46#$'!')*+!+*'#.+:;6!^4'26!t.'!)'!4/').>'!
)'/!4+/+!6)!Cff!#>!+4/6L%>+$+>'#*'a!&6//')46#$'#$6!+6!4%&6!$'!'>%));6!$+!H%1/+_O!
D+/+! %$'#*%H%&+/! >'2G6/! 6! *%46! $'! 4'/$+)! %#'/'#*')! ! H%1/+! [3,8i7K! 4/6&'$'.8)'! +! .>+! +E+2%+:;6!
.*%2%u+#$6!$%H'/'#*')!>?*6$6)P!#.>!&+)6!'!+*/+E?)!$'!.>!>?*6$6!$'!/'H'/J#&%+!.)+#$6!.>+!H6#*'!$'!
2.u!#+!/'-%;6!$6!E'/>'2G6!^6#$'!)'!')4'/+!.>+!>+%6/!+*'#.+:;6_!'!#.>!6.*/6!&+)6a!.)+#$6!.>!(QV!
+u.2a!/'-%;6!$6!')4'&*/6!&6%#&%$'#*'!&6>!6!')4'&*/6!$'!+1)6/:;6!$+!H%1/+!o(U![3,8i7KO!!
Z+! v/'+! $+! &6>.#%&+:;6a! +! $'*'/>%#+:;6! $+! +*'#.+:;6! '>! H%1/+! B4*%&+! $'E'! )'-.%/! 6)! >?*6$6)! $'!
/'H'/J#&%+O! Q)*')!>?*6$6)! 46$'>! )'/! $')*/.*%E6)! ^>?*6$6! 95)SC%9f_! 6.! #;6! $')*/.*%E6)! ^>?*6$6! $'!
%#)'/:;6!'!>?*6$6!$'!).1)*%*.%:;6_O!V6)!>?*6$6)!/'H'/%$6)!+#*'/%6/>'#*'a!6!>?*6$6!95)SC%9f!^,%-./+!
AO<f_! ?! 6! >?*6$6! &6>! >+%6/! 4/'&%);6a! '))'#&%+2>'#*'! 46/t.'! 4'/>%*'! >+#*'/! +)! &6#$%:s')! $6!
+&642+>'#*6!H%1/+8$'*'&*6/!'#*/'!>'$%:s')O!
Capítulo 4 
 42 
!
,%-./+!AO<fP!S?*6$6!95)SC%9f!`F<cO!
T4*6.8)'!/'+2%u+/!6!')*.$6!)'-.%#$6!6!>?*6$6!95)SC%9fO!T!)%)*'>+!.)+$6!'#&6#*/+8)'!')t.'>+*%u+$6!
#+!,%-./+!AO<7O!
!
,%-./+!AO<7P!K4+/+*6!'L4'/%>'#*+2!4+/+!')*.$6!$+!+*'#.+:;6!#+!H%1/+O!!
N)6.8)'! %#%&%+2>'#*'! .>+! H%1/+! &6>! <!>! $'! &6>4/%>'#*6a!>'$%#$68)'! +! /')46)*+! $+! H%1/+! &6>! .>!
H6*6$56$6! ^9,V8i7_! 2%-+$6! +! .>! >.2*5>'*/6! &6#E'#&%6#+O! T! E+26/! 61*%$6! H6%! XfÑ<abf! >Xa! O! K)!
'L*/'>%$+$')!$+)!H%1/+)!H6/+>!462%$+)!&6>6!+#*'/%6/>'#*'!$')&/%*6O!D6)*'/%6/>'#*'!&6/*6.8)'!+!H%1/+!
#+! 'L*/'>%$+$'! Ä.#*6! +6! (QV! ^&6>! '>%));6! #6! E'/>'2G6_a! >+#*'#$68)'! %#+2*'/+$6! 6! +&642+>'#*6!
H%1/+8H6*6$56$6! '! 462%.8)'! #6E+>'#*'! +! H%1/+a! )'#$6! 6! &6>4/%>'#*6! H%#+2! (HÑCf!>>O! V'*'/>%#6.8)'!
#6E+>'#*'!+!/')46)*+!$+!H%1/+a!*+2!t.'!XHÑ7aCA!>Xa!6!t.'!)'!*/+$.u!#.>+!+*'#.+:;6!$'!<aFf!$[O!V')*'!
')*.$6!&6#)*+*+8)'!t.'!'>!<!>a!+!+*'#.+:;6!$6!)%#+2!E'/%H%&+$+!?!&'/&+!$'!AC!Öa!6!t.'!&6//')46#$'/v!
+4/6L%>+$+>'#*'!+!.>+!+*'#.+:;6!$'!FbÖ!'>!@!>a!+4/6L%>+#$68)'!$6!E+26/!%#$%&+$6!4'26!H+1/%&+#*'!
`@icO!Z6! '#*+#*6a! &6>6! &6#)*+!#+! ,%-./+!AO7ba! +!>'#6/! +*'#.+:;6!$+![3,8i7K! )%*.+8)'!#+! /'-%;6!$6!
E'/$'a!/'-%;6!$'!'>%));6!$+!H%1/+O!T.!)'Ä+a!&6>6!H6%!.)+$6!.>!(QV!&6>!'>%));6!#+!/'-%;6!$6!E'/>'2G6!
6)!$+$6)!61*%$6)!#;6!46$'/!)'/!+)).>%$6)!&6>6!&6#&2.)%E6)O!V'!t.+2t.'/!H6/>+!E'/%H%&+8)'!t.'!+!H%1/+!
+4/')'#*+!'2'E+$+!+*'#.+:;6!#')*+!/'-%;6a!&6>6!)'/%+!$'!')4'/+/O!
D+/+!+E+2%+/!+!+*'#.+:;6!$+!H%1/+!#+!/'-%;6!$6!+u.2a!4/6&'$'.8)'!+!.>!)'-.#$6!')*.$6!&6>!$%H'/'#*')!
&+/+&*'/5)*%&+)!$6!+#*'/%6/O!Z')*'!')*.$6!.)6.8)'!.>+!H%1/+!&6>!IC!&>!^&6>!'L*/'>%$+$')!462%$+)!$'!
%-.+2!H6/>+_a!H+u'#$68)'!E+/%+/!+!46)%:;6!$+!H6#*'!2.>%#6)+!'>!/'2+:;6!+6!H6*6$'*'&*6/!^,%-./+!AO<<_O!
!
!
,%-./+!AO<<P!Q)t.'>+!%2.)*/+#$6!6!>6E%>'#*6!$6!(QV!'>!/'2+:;6!+6!DS0O!
,'u8)'!E+/%+/!+!46)%:;6!$6!(QV!+!.>+!$%)*Å#&%+!$'!Iff!>>!+!Cf!>>!$6!DS0O!T!(QV!+u.2!H6%!+2%>'#*+$6!
.*%2%u+#$6!.>!-'/+$6/!$'!4.2)6)!/v4%$6)!^2+/-./+!$6!%>4.2)6!$'!7ff!#)_O!K)!>'$%:s')!S7!'!S<!H6/+>!
/'+2%u+$+)! &6>! 6! (QV! ! >')>+! *'#);6a! *'#$6! )%$6! +! )?/%'! S@! /'+2%u+$+! 4+/+! .>+! >'#6/! *'#);6!
+42%&+$+! +6! (QV! ^'! 26-6!>'#6/! %#*'#)%$+$'! 2.>%#6)+_a! ,%-./+! AO<AO!T! H6*6$'*'&*6/! .)+$6! H6%! .>!DU8
DS0!gbI778f@!&6>!7F!&+#+%)!^g+>+>+*)._O!K!).+!/')46)*+!')4'&*/+2!*'>!.>+!-+>+!'#*/'!6)!7bC!'!6)!
(QV!
à%1/+! $56$6! >.2*5>'*/6!
PMT 
Componentes para o protótipo do dosímetro 
 43 
FCf! #>a! &6>! /')46)*+!>vL%>+! +6)! A<f! #>! ^Ü<f!Ö! 'H%&%J#&%+! t.Å#*%&+_O! T! DS0! H6%! 64'/+$6! +! .>+!
*'#);6! $'! 462+/%u+:;6! %-.+2! +! bff! XO! K! H%1/+! H6%! +2%#G+$+! /'2+*%E+>'#*'! +! .>! $6)! &+#+%)! $6! DS0a!
.)+#$68)'!4+/+!*+2!.>!+$+4*+$6/!$')'#E62E%$6!4+/+!'))'!'H'%*6!^K#'L6!1_O!Z+!,%-./+!AO<@!'#&6#*/+8)'!
')t.'>+*%u+$6!6!)%)*'>+!.)+$6O!
!
,%-./+!AO<@P!K4+/+*6!'L4'/%>'#*+2!4+/+!')*.$6!$+!+*'#.+:;6!#+!H%1/+O!
='+2%u+/+>8)'!*/J)!)?/%')!$'!>'$%:s')!^S7a!S<!'!S@_!^,%-./+!AO<A_O!!
!
,%-./+!AO<AP!Q)*.$6!$+!+*'#.+:;6!&6>!+!$%)*Å#&%+!4+/+!+!H%1/+![3,8i7K!$+!U+%#*8M61+%#O!
36>!')*'!>?*6$6a!'!#.>+!E+/%+:;6!$'!FC!&>a!+!E+/%+:;6!$6!)%#+2!&6//')46#$'#*'!)!$%)*Å#&%+)!>vL%>+!
'!>5#%>+!4+/+!+)!)?/%')!S7a!S<!'!S@!H6%!Aaf!Öa!Aa<!Ö!'!F!Öa!/')4'&*%E+>'#*'O!K!2%-'%/+!E+/%+:;6!'#*/'!
+)!)?/%')!S7!'!S<!$%u!/')4'%*6!+!4't.'#+)!$%H'/'#:+)!#6!+&642+>'#*6!'#*/'!+!H%1/+!B4*%&+!'!6!DS0O!!
Q>!*6$6)!6)!&+)6)!%$'#*%H%&+$6)a!+!+*'#.+:;6!$+)!H%1/+)!o(U!?!)'>4/'!).4'/%6/!+!.>+!H%1/+!$'!DSSK!
&6>.>O!Q)*'!+)4'&*6!/'4/')'#*+!.>+!&2+/+!$')E+#*+-'>!4+/+!+!+42%&+:;6!$')*+)!H%1/+)!&6>6!-.%+!$'!
2.uO!!
!
L)*34%56(!&*M'&(!%!74+M%)4+%/!3%!:'A+%!
N>! $6)5>'*/6! 4+/+! 1/+t.%*'/+4%+! 4/6)*v*%&+! 46$'/v! *'/! $.+)! &6#H%-./+:s')! $%H'/'#*')O! Z.>+! $+)!
64:s')! 6! $6)5>'*/6! ?! %#)'/%$6! +*/+E?)! $'! .>! $6)! &+*'*'/')! .)+$6)! #+! %>42+#*+:;6! $+)! H6#*')!
/+$%6+&*%E+)O! Z.>+! 6.*/+! +2*'/#+*%E+! 6! $6)5>'*/6! 46$'/v! )'/! %#)'/%$6! &6>! /'&./)6! +! .>! &+*'*'/!
./%#v/%6a!')*+#$6!).Ä'%*6!!&./E+!+#+*B>%&+!$+!./'*/+!&6>!.>!Å#-.26!$'!7Ff6!`AIca!+4/6L%>+$+>'#*'O!
S+#*'#$6!')*+!w2*%>+!64:;6!'>!+1'/*6a!?!&6#E'#%'#*'!+E+2%+/!46))5E'%)!4'/$+)!$'!)%#+2!t.+#$6!+!H%1/+!
(QV!
à%1/+)! DS0! D/?!8!K>4O!
K>42%à%&+$6/!
3+#1'//+!
K<f<<!
KV3!!
S3K!bfffK!
Capítulo 4 
 44 
-.%+!$'!2.u!')*v!).Ä'%*+!+!&./E+*./+)!>+%)!6.!>'#6)!+&'#*.+$+)O!D+/+!%))6!')*.$6.8)'!+!+*'#.+:;6!#+)!
H%1/+)! $'! 42v)*%&6! t.+#$6! ).Ä'%*+)! +! $'H6/>+:;6O! ,6/+>! /'+2%u+$6)! */J)! ')*.$6)a! &6#H6/>'!
')t.'>+*%u+$6! #+! 0+1'2+! AOAO! V'! H6/>+! )'>'2G+#*'! 4+/+! 6)! */J)! ')*.$6)a! 6! +4+/+*6! .)+$6! ?! %-.+2!
$')&/%*6!+#*'/%6/>'#*'!^,%-./+!AO<@_O!,6/+>!/'+2%u+$+)!@!>'$%:s')!'>!&+$+!.>!$6)!&+)6)O!D+/+!+E+2%+/!
+)! 46))5E'%)! 4'/$+)a! &6>4+/6.8)'! 4+/+! &+$+! .>! $6)! ')*.$6)! ^')*.$6! 7a<! '! @_! 6! #w>'/6! *6*+2! $'!
&6#*+-'#)! $'! &+$+! .>+! $+)! >'$%:s')! &6>! .>+! H%1/+! $'! /'H'/J#&%+a! &6>! %-.+2! &6>4/%>'#*6! '! )'>!
t.+2t.'/!&./E+*./+O!
0+1'2+!AOAP!36#H%-./+:;6!$+)!H%1/+)!.)+$+)!#6!')*.$6!$+!%#H2.J#&%+!$+!&./E+*./+!#+!+*'#.+:;6!$6!)%#+2O!
L6-10/!,W`! 7! <! @!
!
 
 
 
 
 
 
 
!
!
! !
! V%Å>'*/6)P!Cb!'!iA!>>! *>%#Ñfâ!'!!*>+LÑbfâ! +7Ñ!7!&>!'!+<Ñ<!&>!
N-5,1823/!Ba?"B8!!b! faf7! faf7! faCä!
ä!.>+!$+)!+E+2%+$+)!t.'1/6.!#+!&./E+*./+!$'!>'#6/!$%Å>'*/6a!#+!6.*/+!H%1/+!+4')+/!$+!+*'#.+:;6!#;6!)'/!)%-#%H%&+#*'!+!H%1/+!H%&6.!2%-'%/+>'#*'!
$+#%H%&+$+!'!$'!H6/>+!4'/>+#'#*'e!
!
36#)%$'/+#$6!6)!/').2*+$6)!61*%$6)a!+)!&./E+*./+)!+!t.'!46))+!')*+/!).Ä'%*+!+!H%1/+!$6!$6)5>'*/6!#;6!
%>42%&+>a!$'!+&6/$6!&6>!')*'!')*.$6a!4'/$+)! )%-#%H%&+*%E+)O!Z6!'#*+#*6a! ?! %>46/*+#*'! /'+2:+/!t.'!#6!
')*.$6! @a! .>+! $+)! H%1/+)! H%&6.! 4'/>+#'#*'>'#*'! $+#%H%&+$+! #+! /'-%;6! $+! &./E+*./+! &6>! >'#6/!
$%Å>'*/6O!
!
23:;4N37'%!&(/!:;4'&(/!A'(;D@'7(/!3%!:'A+%!!
N>!$6)5>'*/6!+$'t.+$6!!>'$%:;6!$+!$6)'!'>!*/+*+>'#*6)!$'!1/+t.%*'/+4%+!$+!4/B)*+*+!46$'/v!)'/!
%#)'/%$+!#6!&6/46!.)+#$6!.>!&+*'*'/!./%#v/%6O!T!DSSK!?!.>!>+*'/%+2!G%$/BH616a!4'26!t.'!'>!4/%>'%/+!
+#v2%)'!6!&6#*+&*6!&6>!H2.%$6)!1%62B-%&6)!#;6!*'/!t.+2t.'/!/'4'/&.));6!#+!H%1/+O!V'!t.+2t.'/!H6/>+a!'!
+#*'&%4+#$6!+!46))%1%2%$+$'!$'!$+#6!#+!H%1/+!t.+#$6!'>!&6#*+&*6!&6>!H2.%$6)!&6/46/+%)a!.)6.8)'!.>!
/'15=%)*&#C(&^#<=5'&!^U[,_O!T!U[,!?!.>+!)62.:;6!&6>!&6#&'#*/+:;6!$'!%s')!%#6/-Å#%&6)!)'>'2G+#*')!+6!
$6! 42+)>+! $6! )+#-.'! G.>+#6O! Q)*'! H2.%$6! ?! .)+$6! H/'t.'#*'>'#*'! #+! +E+2%+:;6! '4SQ'Q(! $+!
1%6+&*%E%$+$'! $'! >+*'/%+%)O! K! &6>46)%:;6! $6! U[,a! $'! +&6/$6! &6>! +)! &6#&'#*/+:s')! 4/646)*+)! 46/!
p6É.16!*)#%=O!^9')#'4!`Ifc_a!')*v!%#$%&+$+!#+!0+1'2+!AOCO!
!
!
Componentes para o protótipo do dosímetro 
 45 
0+1'2+!AOCP!36>46)%:;6!$6!U[,!`IfcO!
I8-5."8H! ;5875,-5! c18,-"0805!J!7@H!
! Z+32! FaCAI!
! Z+g3T@! <a<Fb!
! p32! fa@I@!
! Z+<gDTAO<g<T! fa7Ib!
! S-32<OFg<T! fa@fC!
! 3+32<O!<g<T! fa@Fb!
! Z+<UTA! fafI7!
! ^3g<Tg_@3Zg@! FafCI!
 
K)!H%1/+)!H6/+>!>+#*%$+)!+!.>+!*'>4'/+*./+!&6#)*+#*'!$'!@IaC!63!$./+#*'!<A!G!^H%1/+!<_!'!Ab!G!^H%1/+!
@_O!T)!/').2*+$6)!H6/+>!&6>4+/+$6)!&6>!.>+!H%1/+!$'!/'H'/J#&%+!^H%1/+!7_!t.'!#;6!')*'E'!'>!&6#*+&*6!
&6>!6!H2.%$6O!K!+E+2%+:;6!H6%!H'%*+!>'$%#$6!+!/')46)*+!$+)!H%1/+)O!D+/+!%))6!%2.>%#6.8)'!&+$+!.>+!$+)!
H%1/+)!&6>!.>!(QV!+u.2!#.>+!$+)!'L*/'>%$+$')a!&62'&*+#$68)'!+!2.u!#+!6.*/+!'L*/'>%$+$'!&6>!6!DS0a!
&6#H6/>'!$')&/%*6!+#*'/%6/>'#*'!^,%-./+!AO<@_O!!
0+1'2+!AOFP!X+/%+:;6!#+!/')46)*+!$+)!H%1/+)!).1>'*%$+)!+!.>!U[,O!
]"G.8! >8?8!-/-8H!
C8."823/!5B!.5H823/!d!
M"G.8!05!.5M5.^,D"8!
='H'/J#&%+! IiAf<C! 88888!
<A!G6/+)! IbiIIb! faC!b!
Ab!G6/+)! IbiAiC! faF!b!
0+L+!*6*+2Ñ!#â!*6*+2!&6#*+-'#)!x!*'>46!+t.%)%:;6!^='Q*#)'1*_!
!
D'/+#*'! 6)! /').2*+$6)! 61*%$6)a! +4+/'#*'>'#*'!#;6!Gv! %#$5&%6)! $'! $+#6!#6! /'E')*%>'#*6! '! #w&2'6!$+!
H%1/+! &+4+u! $'! 2'E+/! ! 4'/$+! $'! )%#+2a! 4'26! t.'! +! E+/%+:;6! $+! /')46)*+! $+)! H%1/+)! 61)'/E+$+! #;6! ?!
)%-#%H%&+*%E+O!
!
IB3;%3,-)$*/$='/>K/00/1'!3%/!:'A+%/!@4'%!
d.+#$6! %//+$%+$+)a! 4+/+! +2?>! $'! 2.u! $'! 3G'/'#É6E! +)! H%1/+)! B4*%&+)! $'! 42v)*%&6! 46$'>! +4/')'#*+/!
/+$%62.>%#')&J#&%+!^=(_a!)'#$6!*+>1?>!')*'!)%#+2!.>+!H6#*'!$'!/.5$6O!D+/+!+E+2%+/!+!/')46)*+!$+)!$.+)!
H%1/+)! ^[3,8i7K! '! KE+-6! DSSKa! +>1+)! &6>! <7! &>_! .)+/+>8)'! $.+)! H6#*')! $'! /+$%+:;6! -+>+a! .>+!
H6#*'!$'!3)87@I!^Aa<C!µ3%_!'!.>!H6#*'!$'!368Ff!^fa<A!µ3%_O!,'u8)'!%//+$%+/!&+$+!.>+!$+)!H%1/+)!&6>!+!
H6#*'!$'!3)87@I!'!46)*'/%6/>'#*'!&6>!+!H6#*'!$'!368FfO!K!/')46)*+!$+)!H%1/+)!H6%!>'$%$+!&6>!.>!DS0!
^g+>+>+*).!gbI77_O!T!+4+/+*6!')*v!')t.'>+*%u+$6!#+!,%-./+!AO<CO!
!
,%-./+!AO<CP!Q)t.'>+!$6!+4+/+*6!'L4'/%>'#*+2O!
à%1/+! DS0! D/?!8!K>4O!
K>42%à%&+$6/!
3+#1'//+!
K<f<<!
KV3!!
S3K!bfffK!
Capítulo 4 
 46 
T)!$+$6)!61*%$6)!'#&6#*/+>8)'!/'4/')'#*+$6)!#+!,%-./+!AO<FO!
!
,%-./+!AO<FP!=')46)*+!$+)!H%1/+)![3,8i7K!'!K-%2'#*!DSSK!t.+#$6!%//+$%+$+)!46/!368Ff!'!3)87@IO!!
Z6á6*z! `CCc! >6)*/+! t.'! +)! H%1/+)! B4*%&+)! &6>! #w&2'6! $'! 462%')*%/'#6! ^DU_a! +4/')'#*+>! >+%6/!
/+$%62.>%#')&J#&%+!$6!t.'!+)!H%1/+)!$'!DSSKO!T!>')>6!/').2*+$6!61)'/E6.8)'!&6>!+!H%1/+!o(U!^[3,8
i7K_!'>!/'2+:;6!!H%1/+!$'!DSSKO!!
V6)! ')*.$6)! /'+2%u+$6)a! E'/%H%&6.8)'! t.'! +! H%1/+! [3,8i7K! +4/')'#*+! .>+! +*'#.+:;6! &6#)%$'/vE'2! '!
46$'/v!%#*/6$.u%/!>+%6/!/.5$6!+6!)%#+2!$'E%$6!!).+!'2'E+$+!/+$%62.>%#')&J#&%+O!D6/!'))+!/+u;6a!+!H%1/+!
$'!DSSK!?!+!64:;6!>+%)!%#$%&+$+!4+/+!6!$6)5>'*/6O!V'!t.+2t.'/!H6/>+a!)'/v!%#*'/'))+#*'!&6>4+/+/!6!
$')'>4'#G6!$+)!H%1/+![3,8i7K!'!DSSK!t.+#$6!+&642+$+)!!H%1/+!&%#*%2+#*'!^E'/!3+45*.26!C_O!
!
>#O#!H()(&*)*7)(+*/!
K!$'*'/>%#+:;6!$+!$6)'!)'/v!46))5E'2!+4B)!+!t.+#*%H%&+:;6!$+!2.u!$'!&%#*%2+:;6O!Z6!&+)6!')4'&5H%&6!$+!
1/+t.%*'/+4%+!$'!1+%L+!$6)'a!+! 2.u!$'!&%#*%2+:;6!?!'L*/'>+>'#*'!1+%L+O!36>6!/'H'/%$6!+#*'/%6/>'#*'a!
$'!.>!>6$6!-'/+2!6)!$6)5>'*/6)!64'/+>!'>!>6$6!$'!%#*'-/+:;6!$'!&+/-+a!#;6!4'/>%*%#$6!$')*'!>6$6!
6! )'.! H.#&%6#+>'#*6! 4+/+! 1+%L6)! H2.L6)! $'! /+$%+:;6! $'E%$6! ! 1+%L+! UZ=! +4/')'#*+$+! #')*'! /'-%>'O!
X%>6)!t.'!4+/+!1+%L+)! '#'/-%+)! ^+4/6LO!y<ff!É'X_! +! /+$%+:;6!$'!3G'/'#É6E!46$'/v! )'/!$')4/'u+$+O!
D+/+!'#'/-%+)!>+%)!'2'E+$+)a!')*+!2%>%*+:;6!46$'!)'/!&6#*6/#+$+!46/!$6)5>'*/6)!1+)'+$6)!'>!42v)*%&6)!
&%#*%2+$6/')!64'/+#$6!'>!>6$6!$'! %>4.2)6O!V')*+! H6/>+!+!&6#*/%1.%:;6!$6! /)*1#*<<*9)h! +*/%1.5$6!'>!
-/+#$'!4+/*'!!/+$%+:;6!$'!3G'/'#É6Ea!46$'/v!)'/!&6//%-%$+!+*/+E?)!$+!+#v2%)'!')4'&*/+2O!D+/+!%))6a!)'/v!
#'&'))v/%6! .*%2%u+/! .>! H6*6$'*'&*6/! &+4+u! $'! 4/6$.u%/! .>+! /')46)*+! 'H'&*%E+! +6! %>4.2)6! $'! 2.u!
4/6$.u%$6!4'2+!%#*'/+&:;6!$+!/+$%+:;6!#+!H%1/+!&%#*%2+#*'O!T)!AW()(15=)',='*+#X5C*/!^DS0)_!6.!6)!>+%)!
/'&'#*')! F'='9(4# AW()(15=)',='*+/! ^U%DS)_! );6! $6%)! $%H'/'#*')! *%46)! $'! H6*6$'*'&*6/')a! +>16)! &6>!
'2'E+$+! )'#)%1%2%$+$'! '! '2'E+$6! -+#G6a! &6>! &+4+&%$+$'! $'! $'*'&:;6! $'! H6*;6! w#%&6! >+)! t.'!
+4/')'#*+>! 4/64/%'$+$')! $%)*%#*+)! '#*/'! )%O! T)! U%DS! );6! .>! *%46! $'! N*'B*+S1(&*#PQ%=%49W*# AW()(S
.'(&*/! ^M8KDV_O! K! $')%-#+:;6! $')*')! $%)46)%*%E6)! +$t.%/'! +%#$+! $%H'/'#*')! H6/>+)! &6#)6+#*'! 6!
H+1/%&+#*'a!46/!'L'>426!6)!U5=)'SA']*=#AW()(4#?(54)*+!^SDD3_!$+!g+>+>+*).!DG6*6#%&)!^r+4;6_a!U'9+(S
f!
<ff!
Aff!
Fff!
bff!
7fff!
7<ff!
7Aff!
[3,i7K! DSSK! [3,i7K! DSSK! [3,i7K! DSSK!
3)87@I! 368Ff! ='H'/J#&%+!
0
6*
+2
!$
'!
36
#*
+-
'#
)!
L!
7f
@!
Componentes para o protótipo do dosímetro 
 47 
,']*=# PQ%=%49W*# AW()(# .'(&*/! ^SKDV_! $+! Y'&6*'Éa! ^3+#+$v_! 6.! 6)! F'='9(4# AW()(15=)',='*+! ^UDS_! $+!
)'#)(!^9/2+#$+_O!
!
4"M"#"$DHN$
T! DS0! ?! .>! H6*68)'#)6/! .*%2%u+$6! $')$'! +! $?&+$+! $'! @fa!>+)! -/+:+)! )!>'2G6/%+)! &6#*5#.+)! ')*'! ?!
+%#$+! G6Ä'! 6! H6*6$'*'&*6/! >+%)! .)+$6! #+! $'*'&:;6! $'! 1+%L6)! #5E'%)! $'! 2.u! `I7cO! Q)*')! $'*'&*6/')!
$%)*%#-.'>8)'!4'26!+2*6!-+#G6!'!1+%L6!/.5$6O!U;6!$%)46)%*%E6)!E'/)v*'%)!'!E+)*+>'#*'!')*.$+$6)a! *J>!
.>+! E+)*+! -+>+! $'! 64'/+:;6a! 46$'#$6! %/! $6)! 7<f! +6)! iff! #>O! U;6! *+>1?>! $%)46)%*%E6)! +2-6!
&6>42'L6)O! N>! DS0! &6#E'#&%6#+2! ?! .>! $%)46)%*%E6! t.'! 64'/+! '>! Ev&.6! 6#$'! ')*;6! &6#*%$6)! 6!
H6*6&v*6$6a! Ev/%6)! $5#6$6)! t.'! &6//')46#$'>! +! ')*v-%6)! $'!>.2*%42%&+:;6! $'! '2'&*/s')! '! .>! Å#6$6!
6#$'!6!)%#+2!?!/'&62G%$6!^,%-./+!AO<I_!`I7cO!!
!!
,%-./+!AO<IP!Q)*/.*./+!$'!.>!*.16!H6*6>.2*%42%&+$6/!`@bcO!
T!>+*'/%+2!t.'!&6#)*%*.%!6!H6*6&v*6$6!?!&6#$%&%6#+#*'!/'2+*%E+>'#*'!!-+>+!$'!)'#)%1%2%$+$'!$6!DS0!
'>! t.')*;6O! K4B)! +! %#&%$J#&%+! $6! H6*;6! #6! H6*6&v*6$6a! 6! 4/6&'))6! $'! >.2*%42%&+:;6! ?! %#%&%+$6! #6!
4/%>'%/6!$5#6$6a!4/64+-+#$68)'!6!4/6&'))6!+6)!$5#6$6)!)'-.%#*')O!M'/+2>'#*'!&6#)%)*'>!'>!b!+!7A!
$5#6$6)a!6#$'!&+$+!.>!$6)!$5#6$6)!4'/>%*'!+2&+#:+/!.>!-+#G6!&6>!.>!H+&*6/!$'!A!6.!CO!Z6!w2*%>6!
4+))6a!6)!'2'&*/s')!);6!/'&62G%$6)!#6!Å#6$6!4'/>%*%#$6!+2&+#:+/!.>!-+#G6!*6*+2!#+!6/$'>!$6)!7fF!6.!
7fI!'2'&*/s')O!T)!DS0!C'%=f%='!);6!6)!>+%)!&6>.#)a!*'#$6!.>!>vL%>6!$'!'H%&%J#&%+!t.Å#*%&+!4/BL%>+!
$6)!<bÖ!4+/+!6)!Aff!#>!`@bcO!Q)*'!>vL%>6!&6//')46#$'!+6!&O$O6O!$+!'>%));6!$6)!&%#*%2+$6/')!$'!Z+9a!
)'#$6!Äv!&6#)%$'/+$6)!&6>6!6)!&%#*%2+$6/')!/)%4&%+&O!!
T)! DS0)! );6! $%)46)%*%E6)! )'#)5E'%)! +! &+>46)! >+-#?*%&6)a! 4'26! t.'! +! */+Ä'&*B/%+! $6)! '2'&*/s')! #6!
%#*'/%6/! $6! DS0! ?! H+&%2>'#*'! 4'/*./1+$+! 46/! &+>46)! #+! 6/$'>! $'! 46.&6)! M+.))a! 6! t.'! #+! 4/v*%&+!
%>42%&+! .>+!4'/$+!#6! -+#G6!$6!$'*'&*6/! `@bcO! K! 6/%-'>!$')*+! )'#)%1%2%$+$'! +! &+>46)!>+-#?*%&6)! ?!
$'E%$+! ! 1+%L+! '#'/-%+! $6)! '2'&*/s')! ^#+! 6/$'>! $6)! 7ff! 'X_! t.'! 4'/&6//'>! +! $%)*Å#&%+! '#*/'! 6)!
$%H'/'#*')! ')*v-%6)O! Q)*')! H6*6$'*'&*6/')! );6! -'/+2>'#*'! 1+)*+#*'! $%)4'#$%6)6)! $'E%$6! ! &6>42%&+$+!
')*/.*./+!>'&Å#%&+!#6!)'.!%#*'/%6/O!
Capítulo 4 
 48 
!
4"M"!"$=%DH$
T)! U%DS! );6! Äv! .>+! )?/%+! +2*'/#+*%E+! +6)! */+$%&%6#+%)! DS0)O! V'! +&6/$6! &6>! 0G'.á%))'#! `I<c! 6)!
H6*6>.2*%42%&+$6/')!)'/;6!&6#E'/*%$6)!4+/+!6!)%25&%6O!T)!U%DS!+4/')'#*+>!+2-.>+)!$+)!E+#*+-'#)!)61/'!
6)! DS0)! *+%)! &6>6! 6! *+>+#G6a! 4')6a! H%+1%2%$+$'a! &6#).>6! $'! '#'/-%+a! E62*+-'>! $'! 64'/+:;6a!
>+#.*'#:;6!'!%#)'#)%1%2%$+$'!+!&+>46)!>+-#?*%&6)O!V'!H+&*6a!#6!&+)6!'>!')*.$6a!+!64:;6!4'26)!U%DS!
4'/>%*'! *6/#+/! *6$6! 6! )%)*'>+! >'#6)! $%)4'#$%6)6! '! >+%)! &6>4+&*6! %#&/'>'#*+#$6! +! ).+!
46/*+1%2%$+$'O!!
V')$'!<ffIa!')*;6!$%)46#5E'%)! &6>'/&%+2>'#*'!6)!U5=)'SA']*=#AW()(4#?(54)*+! ^SDD3_!$+!g+>+>+*).!
DG6*6#%&)! ^r+4;6_O! K&*.+2>'#*'! ')*')! $%)46)%*%E6)! *J>! )%$6! .)+$6)! '>! $%H'/'#*')! v/'+)! *'#$6a! 46/!
'L'>426a!+42%&+:;6!'>!&+26/5>'*/6)!4+/+!$'*'&:;6!$'!G+$/s')!`I@ca!$'*'&:;6!$'!>.s')!'!#'.*/%#6)a!'>!
+)*/6#6>%+!#6)!*'2')&B4%6)!$'!3G'/'#É6Ea!#6!0<p!4*%+#&*)*9)(+/!6#$'!)'/;6!.)+$6)!+4/6L%>+$+>'#*'!
Fffff! $%)46)%*%E6)! $')*')! `A<c! '! '>! H5)%&+! >?$%&+! '>! $'*'&*6/')! DQ0! ^A(/')'(4# ;1'//'(4#
XW(1(B+%,W^_a!'*&O!
Q>!T.*.1/6!$'!<ffi!+!DG%2%4)!+#.#&%6.!6!4/%>'%/6!.'B')%=#F'='9(4#AW()(15=)',='*+!^$U%DS_a!46$'#$68)'!
&6#)%$'/+/! 6! %#5&%6! $.>+! )'-.#$+! -'/+:;6! $6)! U%DSO! Q)*'! #6E6! $%)46)%*%E6! &6>1%#+! #6! >')>6!
).1)*/+*6!$'!)%25&%6!+!*'&#626-%+!U%DS!&6>!+!2B-%&+!3STU!$'!1+%L+!E62*+-'>!`I<cO!
!
!
4"M"!"#"$H+;'%KD%O/;$D@)&')&$.)+&'/(2$PHDD.Q$
T)!U5=)'SA']*=#AW(4)(4#?(54)*+/!^SDD3)_a!/'4/')'#*+$6)!^,%-./+!AO<b_!);6!.>!*%46!$'!U%DS)!4/6$.u%$6!
'!&6>'/&%+2%u+$6!4'2+!g+>+>+*).a!r+4;6a!$')$'!<ffIO!!
!
!
,%-./+!AO<bP!SDD3)a!&6>!$%H'/'#*')!,%9f%B*/#^+6!&'#*/6_!'!46/>'#6/!$+!v/'+!$'!$'*'&:;6!^!$%/'%*+_!`IAcO!
!
Z+! 0+1'2+! AOIa! &6#)*+>! 6)! SDD3)! $%)46#5E'%)! &6>'/&%+2>'#*'! 4'2+! g+>+>+*).O! Q)*')! +4/')'#*+>!
$%H'/'#*')!&+/+&*'/5)*%&+)!t.+#*6!+6!,%9f%B*a!v/'+!$'!$'*'&:;6!'!*+>+#G6!$6!45L'2O!
!
!
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0+1'2+!AOIP!SDD3)!$+!g+>+>+*).a!r+4;6!`IAc!O!
!
T! SDD3! ?! '))'#&%+2>'#*'! .>! 64*68)'>%&6#$.*6/! &6>! '2'E+$+! &+4+&%$+$'! $'! &6#*+-'>! $'! H6*s')a!
+4/')'#*+#$6! v/'+)! $'! $'*'&:;6! *54%&+)! $'! 7! >><a! '2'E+$+! 'H%&%J#&%+! t.Å#*%&+a! '2'E+$+! /')62.:;6!
*'>46/+2! '! >'&+#%&+>'#*'! /61.)*6)! `IAcO! 36#*/+/%+>'#*'! +6)! DS0)a! 6)! SDD3)! );6! %#)'#)5E'%)! +!
&+>46)!>+-#?*%&6)!'!64'/+>!+!1+%L+)!E62*+-'#)!t.+#$6!&6>4+/+$6)!&6>!6)!DS0)O!T)!E+26/')!*54%&6)!
4+/+! 6)!SDD3)! ')*;6! &6>4/''#$%$6)! '#*/'! 6)! <C! X! +! If! X! '#t.+#*6! 6)! DS0)! 64'/+>! +! E+26/')! $'!
+4/6L%>+$+>'#*'!7fff!XO!
T)! $'*'&*6/')! 1+)'+$6)! '>! )'>%&6#$.*6/')! 1+)'%+>8)'! #.>! H6*68'H'%*6! %#*'/#6! `I7c! 6! t.'! )%-#%H%&+!
t.'! 6)! H6*s')!$;6!6/%-'>!+!4+/')! '2'&*/;682+&.#+!#6! %#*'/%6/! $6! )'>%&6#$.*6/a! $6*+#$6! +))%>!')*')!
$'*'&*6/')! $'! -/+#$'! 'H%&%J#&%+! t.Å#*%&+O! 36>6! +! &6//'#*'! 4/6$.u%$+! 46/! .>! H6*;6! w#%&6! #;6! ?!
>'#)./vE'2a! ')*'! *%46! $'! $'*'&*6/! #'&'))%*+! $'! .>! >'&+#%)>6! %#*'/#6! $'! -+#G6O! N>! $'))')!
>'&+#%)>6)! ?! &6#G'&%$6! &6>6! }'H'%*6! +E+2+#&G'~! '! ?! &+/+&*'/5)*%&6! $6)! M8KDV)! ^N*'B*+S1(&*#
PQ%=%49W*#AW()(S&'(&*/_O!!
!
<(3)%@*1!&*!:()P*/!,*;(!Q??<!R!J*'@*+!Q(&*!L.?!
3+$+!4%L'2!^,%-./+!AO<i_!#6)!SDD3)!?!&6>46)*6!46/!.>!KDV!46$'#$6!64'/+/!'>!>6$6!2%#'+/!6.!'>!
>6$6!M'%-'/!^M8KDV_O!Z6!>6$6!2%#'+/!6!$'*'&*6/!64'/+!+1+%L6!$+!*'#);6!$'!/.4*./+a!)'#$6!6!-+#G6!#+!
6/$'>!$+)!&'#*'#+)a!#')*'!>6$6!+!&+/-+!$'!)+5$+!+4/')'#*+!2%#'+/%$+$'!/'2+*%E+>'#*'!+6!#w>'/6!$'!
H6*s')!%#Ä'&*+$6)O!Z6!>6$6!M'%-'/!6!$'*'&*6/!64'/+!+!.>+!*'#);6!$'!462+/%u+:;6!2%-'%/+>'#*'!).4'/%6/!
! *'#);6! $'! /.4*./+! `I7cO! K! .>+! $+$+! *'#);6a! t.+#$6! .>! '2'&*/;6! '#*/+! #+! /'-%;6! $'! +E+2+#&G'! +!
Ä.#:;6!$6!)'>%&6#$.*6/!&62+4)+!*6/#+#$6!6!KDV!&6#$.*6/!`I7cO!
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!
,%-./+!AO<iP!D5L'2!$'!.>!SDD3!`IAcO!
T! H2.L6! $'! &6//'#*'! /').2*+#*'! ?! &6#)%$'/vE'2! 6/%-%#+#$6! .>! )%#+2! &6>! 6! '2'E+$6! -+#G6! t.'! ?!
&+/+&*'/5)*%&6!`IAcO!Q)*+!$')&+/-+!?!&6#G'&%$+!&6>6!$')&+/-+!M'%-'/!`IAcO!D+/+!'E%*+/!t.'!+!+E+2+#&G'!
$')*/.+!6!$56$6a!6)!4%L?%)!')*;6!+&642+$6)!'#*/'!)%!46/!/')%)*J#&%+!$'!`5*49W'4BO!!
!
,%-./+!AO@fP!3%/&.%*6!$'!t.'#&G%#-!^')tO_!'!4/6&'))6!M'%-'/8S6$'a!')t.'>+!$'!$')&+/-+!'!/'&.4'/+:;6!$+!&?2.2+!^$%/O_!`IAcO!
T!&%/&.%*6!$'!`5*49W'4B!^46$'#$6!)'/!+&*%E6!6.!4+))%E6_!^,%-./+!AO@fa!!')t.'/$+_!4'/>%*'!&6#*/62+/!6!
+H2.L6!$'!&+/-+!^'4<=(_#9W%+B*_!4+/+!6!M8KDV!/')*+./+#$6!+!64'/+:;6!#6/>+2!+4B)!&+$+!H6*;6!+*/+E?)!
$+! $%>%#.%:;6! $+! *'#);6! $'! 462+/%u+:;6! $6! M8KDV! 4+/+! +! *'#);6! $'! /.4*./+! H%#+2%u+#$6! +))%>! +!
$')&+/-+! M'%-'/a! 6.! )'Ä+a! &'))+#$6! 6! 4/6&'))6! $'! +E+2+#&G'! `IAcO! Q>! ).>+a! 6! H2.L6! $'! &6//'#*'!
/').2*+#*'!$+!+E+2+#&G'!t.'!)'!*6/#+!+.*6)).)*'#*vE'2!?!4+/+$6!4'26!&%/&.%*6!$'!`5*49W'4B#4+/+!t.'!6!
$56$6!46))+!$'*'&*+/!#6E6)!H6*s')O!T!&%&26!$'!$')&+/-+!'!+*/*)!^,%-./+!AO@fa!!$%/'%*+_!?!&6#G'&%$6!&6>6!
>6$6!M'%-'/!`I7a!IAcO!
T!/').2*+$6!$6)!4/6&'))6)!+-6/+!$')&/%*6)!?!.>!-+#G6!*54%&6!?!$+!6/$'>!$'!7fF!O!Q>!)%*.+:s')!6#$'!6!
H2.L6! $'! H6*s')! %#&%$'#*')! ?! /'$.u%$6! /'2+*%E+>'#*'! +6! #w>'/6! $'! 4%L?%)a! 6! )%#+2! ?! 4/646/&%6#+2! +6!
#w>'/6! $'! 4%L?%)! +&*%E+$6)O! S+)! '>! $+$+)! &6#$%:s')! #;6! )'! E'/%H%&+! 2%#'+/%$+$'! $+! &+/-+! $'! )+5$+!
/'2+*%E+>'#*'!+6!#w>'/6!$'!H6*s')!%#Ä'&*+$6)O!T!6.*4.*!$6!SDD3!?!+!)6>+!$'!*6$6)!6)!4.2)6)!.#%*v/%6)!
$'!&+$+!.>!$6)!4%L?%)!+&*%E+$6)!)%>.2*+#'+>'#*'!46/!H6*s')O!Z6!'#*+#*6a!t.+#$6!6!#w>'/6!$'!H6*s')!
&6#E'/*%$6)!?!&6#)%$'/+E'2>'#*'!).4'/%6/!+6!#w>'/6!$'!4%L?%)a!E'/%H%&+/8)'8v!#;6!2%#'+/%$+$'!#6!)%#+2!
$'!)+5$+O![+)%&+>'#*'a!&+$+!.>!$6)!4%L?%)!KVD!*'>!$6%)!')*+$6)P!(4!6.!(<<O!9)*6!/').2*+!$+!%#&+4+&%$+$'!
$6)! 4%L?%)! %#$%E%$.+%)! $%)*%#-.%/'>! t.+#$6! %#&%$'! .>! w#%&6! H6*;6! 6.! >w2*%426)! H6*s')!
)%>.2*+#'+>'#*'a!6.!)'Ä+a!+4'#+)!)+1'>6)!)'!Gv!6.!#;6!%#&%$J#&%+!$'!H6*s')a!&6//')46#$'#$6!+!4'26!
>'#6)! .>!'2'&*/;6! 6.!1./+&6! t.'! %#%&%+! 6! &62+4)6! 8!C+*%f&(_4O!S+)!>')>6!#'))+! )%*.+:;6! ?! +%#$+!
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46))5E'2! +! &6#*+-'>! $'! H6*s')O! D+/+! &6#*+/! 6! #â! $'! E'u')! t.'! Z! 6.! >+%)! H6*s')! );6! $'*'&*+$6)!
)%>.2*+#'+>'#*'a!$'E'8)'!$'H%#%/!.>!)W+*/W(=&#$'!Z|faC!4O'OO!!
Q>!).>+a!6!(5),5)#$'!.>!45L'2!?! %#$'4'#$'#*'!$+!'#'/-%+!$6! H6*;6!6!t.'!)%-#%H%&+!t.'!6!M8KDV!#;6!
4'/>%*'!$%)&/%>%#+/!H6*s')a!,%-./+!AO@7!`IAcO!
!
,%-./+!AO@7P!K&*%E+:;6!)%>.2*Å#'+!$'!Ev/%6)!4%L?%)!$6!SDD3!`IAcO!
U'!+!/')46)*+!$'!&+$+!45L'2!H6/!.#%H6/>'a!6!)%#+2!$6!U%DS!&6//')46#$'!!)6>+!$'!*6$6)!6)!)%#+%)!$'!&+$+!
.>!$6)!4%L?%)!`IAcO!K!&+/-+!$6!U%DS!?!$+$+!46/!`I7a!IAcP!
! Qout = C ! (VR "Vbreakdown )! Nactivados ! ^QtO!AOI_!
6#$'!3!?!+!&+4+&%*Å#&%+!$6!4%L'2O!36#*.$6a!6!SDD3!*'>!.>!2%>%*'!$'!H6*s')!%#&%$'#*')a!%-.+2!+6!#w>'/6!
$'!4%L?%)!4+/+!6!t.+2!+*%#-'!.>!')*+$6!$'!)+*./+:;6O!!
!
9:'7'N37'%!&*!&*)*756(!&*!:()P*/!
K!'H%&%J#&%+!$'!$'*'&:;6!$'! H6*s')!^DVQ!8!,W()(4#&*)*9)'(4#*<<'9'*49^_! */+$.u!+!4'/&'#*+-'>!$'!H6*s')!
%#&%$'#*')!t.'!);6!$'*'&*+$6)!4'26!U%DSO!K!,%-./+!AO@<!*/+$.u!+!E+/%+:;6!$+!DVQ!&6>!6!&O$O6O!$6)!H6*s')!
%#&%$'#*')!4+/+!SDD3)!&6>!$%H'/'#*'!$%>'#);6!$6)!4%L?%)!'!%-.+2!v/'+!$'!$'*'&:;6O!
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!
,%-./+!AO@<P!DVQ!%#&2.%#$6!'H'%*6)!$'!%<)*+,5=/*!'!9+(//S)%=f!`IAcO!
36#)%$'/+#$6! +! ,%-./+! AO@<a! *6/#+8)'! &2+/+! +! $'4'#$J#&%+! $+! 'H%&%J#&%+! $'! $'*'&:;6! &6>! H+&*6/')!
-'6>?*/%&6)a! /').2*+$6!$+!$%)*/%1.%:;6!$6)!M8KDV! %#$%E%$.+%)!4'2+! v/'+! )'#)5E'2! $6!SDD3a! */+$.u%$+!
4'2+!/+u;6!'#*/'!+!v/'+!H6*6))'#)5E'2!'!+!v/'+!*6*+2!^'O-O!7L7!>><_O!K!DVQ!$'4'#$'!#;6!)B!$'!H+&*6/')!
-'6>?*/%&6)!>+)!*+>1?>!$+!'H%&%J#&%+!t.Å#*%&+!'!$+!4/61+1%2%$+$'!$'!6&6//J#&%+!$'!+E+2+#&G'!`IAca!
6.!)'Ä+P!
! DVQÑ,-'6>!L!dQ!L!D+E+2+#&G'! ^QtO!AOb_!
6#$'!+!4/61+1%2%$+$'!$'!+E+2+#&G'!?!$'H%#%$+!$'!*+2!H6/>+!t.'P!
!
!
^QtO!AOi_!
Q)*+!4/61+1%2%$+$'!*/+$.u8)'!#6!H+&*6!$'!t.'!#'>!*6$6)!6)!46/*+$6/')!-'/+$6)!46/!H6*s')! %#&%$'#*')!
%/;6!&/%+/!4.2)6)!).H%&%'#*'>'#*'!2+/-6)!4+))5E'%)!$'!)'/'>!$'*'&*+$6)O!K!'H%&%J#&%+!t.Å#*%&+!^dQ_!^Ö_!
')*v!/'2+&%6#+$+!&6>!+!H6*68)'#)%1%2%$+$'!$6!$%)46)%*%E6!^U_!a!*+2!t.'!`IAcP!
!
!
^QtO!AO7f_!
N>!>'#6/!#w>'/6!$'!4%L?%)!'!$'!>+%6/')!$%>'#)s')!4'/>%*'!61*'/!.>!>+%6/!'H'%*6!$'!4/''#&G%>'#*6!
4'/>%*%#$6!.>+!>+%6/!'H%&%J#&%+!$'!$'*'&:;6O!36>6!)'!46$'!E'/%H%&+/!+!4+/*%/!$+!,%-./+!AO@<!a!6!SDD3!
&6>! 7Fff! 4%L?%)! ^U7f@F<8778f<CN_! +4/')'#*+! >'#6/! 'H%&%J#&%+! $'! $'*'&:;6! &6>4+/+*%E+>'#*'! +6!
H6*6$56$6!&6>!7ff!4%L?%)!^U7f@F<87787ffN_O!Z+!0+1'2+!AOba!')*v!%#$%&+$+!+!'H%&%J#&%+!4+/+!SDD3)!&6>!
,%9f%B*#>'*v2%&6!$'!+&6/$6!&6>!6!#w>'/6!$'!4%L?%)!'!+!).+!$%>'#);6O!
0+1'2+!AObP!QH%&%J#&%+!$'!$'*'&:;6!4+/+!SDD3)!>'*v2%&6)!&6>!$%H'/'#*'!#w>'/6!$'!45L'%)!`IAcO!
e.58!8D-"#8! UW`!05!@"?5A6! >8B8,Y/!0/!@A?5H!
LM"D"^,D"8!05!
05-5D23/!05!M/-/56!
7!L!7!>>! 7Fff! <C!L!<C!µ>! <CÖ!
7!L!7!>>! Aff! Cf!L!Cf!µ>! CfÖ!
7!L!7!>>! 7ff! 7ff!L!7ff!µ>! <CÖ!
Pavalanche =
número de pixéis excitados
número de fotões incidentes em pixéis
QE=S !1240" !100
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!
9)*6!/'H2'&*'!Ev/%+)!4+/*%&.2+/%$+$')a!)'#$6!t.'P!
7O! .>! H6*;6! %#&%$'#*'! 46$'! 6.! #;6! }&+%/~! #+! ).4'/H5&%'! )'#)5E'2! $6! U%DSa! .>+! E'u! t.'! Gv!
/'-%s')!6&.4+$+)!46/!6.*/6)!&6>46#'#*')!*+%)!&6>6!+)!/')%)*J#&%+)!$'!`5*49W'4B!^,%-./+!AO@@_O!
!
,%-./+!AO@@P!D6/>'#6/!$+!v/'+!$'!$'*'&:;6!$'!.>!SDD3!`IAcO!
K!4/61+1%2%$+$'!$'!.>!H6*;6!&+%/!#+!v/'+!)'#)5E'2!?!$+$+!4'2+!/+u;6!'#*/'!+!v/'+!)'#)5E'2!'!+!v/'+!*6*+2a!
6!t.'!)'!*/+$.u!#6!H+&*6/!$'!4/''#&G%>'#*6P!
! Factor de preenchimento = tamanho efectivo do pixéisdimensão total dos pixéis !
^QtO!AO77_!
D+/+!+!>')>+!v/'+!)'#)5E'2a!.>!#w>'/6!>'#6/!$'!4%L?%)!&6>!>+%6/')!$%>'#)s')!4'/>%*'!61*'/!.>!
>+%6/! 'H'%*6! $'! 4/''#&G%>'#*6! .>+! E'u! t.'! );6! 'E%*+$6)! ')4+:6)! >6/*6)! $'E%$6a! 46/! 'L'>426a! )!
`5*49W'4B#+*/'/)(+/!%#$%E%$.+%)O!
! <O!N>! H6*;6!+6!&+%/!#+!v/'+!)'#)5E'2!46$'!6.!#;6!-'/+/!.>!46/*+$6/!$'!&+/-+!t.'!+2&+#&'!+!
/'-%;6!$'!&+>46!'2'E+$6a!&.Ä+!4/61+1%2%$+$'!?!$+$+!4'2+!'H%&%J#&%+!t.Å#*%&+!$6!)%25&%6!'!46$'/v!/6#$+/!
6)!bf8ifÖ!$'4'#$'#$6!$6!&O$O6O!$6!H6*;6O!
! @O!N>!46/*+$6/!$'!&+/-+!-'/+$6!46/!.>!H6*;6!46$'/v!6.!#;6!$')462'*+/!.>+!+E+2+#&G'O!
!
$40&(!3(/!Q??</!
Xv/%6)! H+&*6/')! %>42%&+>!+!>+#%H')*+:;6!$'!/.5$6!#6!)%#+2!$6!SDD3a! )'#$6!+)!>+%6/')!&6#*/%1.%:s')!
$'E%$6! +! &%+f# 9(54)/a! 9+(//)%=f! '! %<)*+,5=/'4BO! V+)! &6#*/%1.%:s')! +#*'/%6/')! +! t.'! 2'E+#*+! >+%6/!
4/'6&.4+:;6!);6!+)!&6#*+-'#)!#6!')&./6!8!&%+f#9(54)/O!Q)*'!H+&*6/!&6#)*%*.%a!4/6E+E'2>'#*'a!+!4/%#&%4+2!
$')E+#*+-'>!$6)!SDD3)!/'2+*%E+>'#*'!+6)!DS0ã)O!K)!&%+f#9(54)/a!46/!$'H%#%:;6a!&6#)%)*'>!#6!#w>'/6!
$'!4.2)6)!#6!')&./6!&6>!.>!)W+*/W(=&!+!>'*+$'!$+!+>42%*.$'!$'!.>!H6*;6!^faC!4O'O_!'!'L4/'))+>8)'!
-'/+2>'#*'! #+! H6/>+! $'! *+L+a! */+$.u%#$68)'! '>!4.2)6)! $'! &6//'#*'! $')462'*+$6)! 46/! 46/*+$6/')! $'!
&+/-+! #;6! -'/+$6)! 46/! H6*s')O! Q)*')! 4.2)6)! H+2)6)! /').2*+>! '))'#&%+2>'#*'! $'! 4+/')! '2'&*/;682+&.#+!
-'/+$6)!*'/>%&+>'#*'!>+)!*+>1?>!46$'>!*'/!6/%-'>!$'E%$6!+!4/6EvE'%)!'2'&*/s')!2%E/')!-'/+$6)!46/!
&+>46)! ^*=*9)+(4# )544*='4B_a! '>16/+! &6>! >.%*6! >'#6/! )%-#%H%&Å#&%+O! Q)*')! &%+f# ,5=/*/! );6!
't.%E+2'#*')! +! 4.2)6)! -'/+$6)! 46/! H6*s')! w#%&6)a! 4'26! t.'! #;6! );6! 4+))5E'%)! $'! $%)&/%>%#+:;6! '#*/'!
')*')O!T)!E+26/')! *54%&6)!E+/%+>!$6)!7ff!Égu!+6)!Sgu!46/!>><!+!<C! 63O!Z6!'#*+#*6a! ?!>.%*6!>'#6)!
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4/6EvE'2!t.'!)'Ä+>!-'/+$+)!&%+f#9(54)/#+6!#5E'2!$'!<a!@!6.!A!H6*6'2'&*/s')a!6!t.'!)%-#%H%&+!t.'!t.+#$6!
.>+! -/+#$'! t.+#*%$+$'! $'! H6*s')! '#*/+>! '! );6! $'*'&*+$6)a! 6)! 'H'%*6)! $+)! &%+f# 9(54)/# 46$'>! )'/!
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Os dados obtidos estão indicados na Figura 5.8. 
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Na Figura 5.12 são apresentados os resultados obtidos. 
!
,%-./+!CO7<P!V%H'/'#:+)!#+!/'H2'L;6!$+!2.u!$'!&%#*%2+:;6!#+!'L*/'>%$+$'!$+!H%1/+!46/!$%H'/'#*')!>+*'/%+%)O!
X'/%H%&+8)'!'>!*6$+)!+)!)%*.+:s')!.>!+.>'#*6!$+!2.u!$'!&%#*%2+:;6!+!&G'-+/!+6!H6*6$'*'&*6/a!4'26!t.'!6!
/'E')*%>'#*6! $+! 'L*/'>%$+$'! $+! H%1/+! ?! .>! 4+/Å>'*/6! %>46/*+#*'O! Q)*'! +)4'&*6! -+#G+! >+%6/!
/'2'EÅ#&%+!4+/+! )%#+%)!$'!1+%L+! %#*'#)%$+$'a! &6>6!?!6! &+)6!$+!$6)%>'*/%+!$'!1+%L+! *+L+!$'!$6)'O!V6)!
>?*6$6)!')*.$+$6)a!+!+2.>%#%u+:;6!H6%!6!4/6&'))6!t.'!+4/')'#*6.!>'2G6/')!/').2*+$6)O!Z6!'#*+#*6a!6!
4/6&'))6! $'! $'46)%:;6! $6! +2.>5#%6! #+! H%1/+! ?! *+>1?>! 6! t.'! 'L%-'! >+%6/! +*'#:;6O! K)! DT,! );6!
/'2+*%E+>'#*'!)'#)5E'%)!!*'>4'/+*./+a!46$'#$6!)6H/'/!$+#6!4'/>+#'#*'!+!*'>4'/+*./+)!4/BL%>+)!$6)!
If! f3O!36>6!+!$'46)%:;6!?! /'+2%u+$+!'>!Ev&.6!46/!'E+46/+:;6! *?/>%&+a! ?! 'L*/'>+>'#*'! %>46/*+#*'!
-+/+#*%/!t.'!+!H%1/+!#;6!?!).Ä'%*+!+!*'>4'/+*./+)!%#+$'t.+$+)O!
!
O#O#!LM%;'%56(!&%!+*/,(/)%!,%+%!&':*+*3)*/!)%1%3S(/!&%!:'A+%!7'3)';%3)*!
K!/')62.:;6!')4+&%+2!$6!$6)5>'*/6a!)'/v!*+#*6!>+%6/!t.+#*6!>'#6/!H6/!6!E62.>'!$6!&%#*%2+$6/!.)+$6O!
D+/+! +E+2%+/! 6! E62.>'!$'! &%#*%2+$6/! %#$%&+$6a! +&6426.8)'! +! &+$+! .>+!$+)! */J)! H%1/+)! $'! DSSK! ^&6>!
%-.+2!&6>4/%>'#*6!'!462%$+)!$'!%-.+2!H6/>+_!.>+!H%1/+!&%#*%2+#*'!&6>!Ca!7f!'!<f!>>a!/')4'&*%E+>'#*'O!
D6)*'/%6/>'#*'a! +! 'L*/'>%$+$'! &6>! +! H%1/+! &%#*%2+#*'! H6%! %//+$%+$+! 46/! .>+! H6#*'! $'! 3)87@I! &6>!
+&*%E%$+$'!Aa<C!µ3%!'!46)*'/%6/>'#*'!46/!.>+!H6#*'!$'!368CI!^Ü<ff!µ3%_O!
(QV!
à%1/+)! DS0! D/?!8!K>4O!
K>42%à%&+$6/!
3+#1'//+!
K<f<<!
KV3!!
S3K!bfffK!
bO@! bOA! bOC! bOF! bOI! bOb! bOi!
='H'/J#&%+!
K2.>5#%6!
X'/#%u!
K2.>5#%6!'!E'/#%u!
0%#*+!1/+#&+!7!
0%#*+!1/+#&+!<!
0%#*+!1/+#&+!@!!
0%#*+!4/'*+!
06*+2!$'!&6#*+-'#)!L7fC!
Capítulo 5 
 66 
T! *'>46!$'!>'%+8E%$+! $6! 368CI! ?! +4/6L%>+$+>'#*'! $'! <I<! $%+)O! T! +4+/+*6! ')*v! $')&/%*6! #+!,%-./+!
CO7@O!
!
,%-./+!CO7@P!Q)t.'>+!$6!+4+/+*6!.)+$6O!
D+/+! '>%))6/')! $'! 1+%L+! '#'/-%+! &6>6! 6! 368CI! '! 4'/+#*'! +! 1+%L+! +&*%E%$+$'! $+! H6#*'a! 6! )%#+2! $'!
&%#*%2+:;6! /').2*+#*'! $+)! '>%))s')! -+>+! $')*+! H6#*')! ?! 46.&6! %#*'#)6O! Z')*+! )%*.+:;6! 6! )%#+2! $'!
&%#*%2+:;6!*6/#+8)'!%>4'/&'4*5E'2!$6!/.5$6!+))6&%+$6!!'2'&*/B#%&+!'!+6!/.5$6!*?/>%&6!$6!SDD3O!K))%>a!
+!.>+!*'>4'/+*./+!+>1%'#*'!$'!<A!63!+4'#+)!4+/+!6!3)87@I!H6%!46))5E'2!61)'/E+/!6!)%#+2!$'!&%#*%2+:;6!
4+/+!6)!Ca!7f!'!<f!>>!$'!&%#*%2+$6/!^,%-./+!CO7A_O!
!
,%-./+!CO7AP!Q)4'&*/6!$'!&%#*%2+:;6!&6>!3)87@Ia!+t.%)%:;6!&6>!SDD3O!
Z6! )'#*%$6! $'! +E+2%+/! +)! $%H'/'#:+)! '#*/'! 6! )%)*'>+! $')'#E62E%$6! '! 6! )%)*'>+! &6>! 6! DS0a! H6/+>!
/'+2%u+$6)! 6)! >')>6)! ')*.$6)! >+)! +-6/+! &6>! 6! DS0O! T! )%)*'>+! .*%2%u+$6! ')*v! ')t.'>+*%u+$6! #+!
,%-./+!CO7CO!
!
,%-./+!CO7CP!Q)t.'>+!$6!+4+/+*6!.)+$6O!
!
!
!
à%1/+!
[3,87<! DT,8DSSK! SDD3!
'2'&*/B#%&+!
+#+2B-%&+!
KV3xS3K!
K>4*'É!
bfffK!
!
!
à%1/+)! DS0! D/?!8!K>4O!
K>42%à%&+$6/!
3+#1'//+!
K<f<<!
KV3!!
S3K!bfffK!
Protótipo desenvolvido 
 67 
T)!/').2*+$6)!61*%$6)!')*;6!%#$%&+$6)!#+!0+1'2+!CO@O!
0+1'2+!CO@P!X+26/')!61*%$6)!4+/+!+!&%#*%2+:;6!&6>!3)87@I!'!368CIa!+t.%)%:;6!&6>!DS0O!
]/,-5!
L,5.7"8!
BE0"8! ND-"#"0805! f!D",-"H80/.! g8,Y/!
>8?8!-/-8H!05!
D/,-875,6h!
! xÉ'X! xµ3%! x>>! ! !
! ! ! '! ! <f<a7F!
:/O'(! 7<<! Ü<ff! $P! 7É! @7@aF<!
! ! ! &P! ! CC@afA!
! ! ! '! ! C@Faii!
:6O$*(! F<<! Aa<C! $P! @ff! FCFaf<!
! ! ! &P! ! FibaIf!
ä!+!*+L+!*6*+2!$'!&6#*+-'#)!&6//')46#$'!+6!*6*+2!$'!&6#*+-'#)x*'>46!$'!+t.%)%:;6!^='Q*#)'1*_!
!
36#*/+/%+>'#*'! +6! 61)'/E+$6! 4+/+! 6! )%)*'>+! $')'#E62E%$6a! &6>! 6! DS0! '! &6>! .>! -+#G6! $'! 7É! H6%!
46))5E'2!61)'/E+/!6!)%#+2!$'!&%#*%2+:;6!&6>!Ca!7f!'!<f!>>!$'!&%#*%2+$6/!t.+#$6!%//+$%+$+)!&6>!+!H6#*'!
$'!368CIO!
!
,%-./+!CO7FP!=')46)*+!')4'&*/+2!4+/+!368CI!'!3)87@I!4+/+!Ev/%6)!*+>+#G6)!$+!H%1/+!&%#*%2+$6/+!t.+#$6!+&642+$+!+!.>!DS0O!
K!'>%));6!$+!H6#*'!$'!368CI!*'>!6!4%&6!$'!>+%6/!%#*'#)%$+$'!4+/+!7<<!É'Xa!6!t.'!?!&6#)%$'/+E'2>'#*'!
%#H'/%6/!!'>%));6!>?$%+!$+!H6#*'!$'!3)87@IO!K!4/%#&%4+2!/+u;6!'#&6#*/+$+!4+/+!+!2%>%*+:;6!$6!)%)*'>+!
Capítulo 5 
 68 
$')'#E62E%$6!.*%2%u+#$6!6!SDD3!/')%$'!#6!H+&*6!$+!'>%));6!$'!&%#*%2+:;6!&6>!6!368CI!)'!)61/'46/!+6!
/.5$6!$6!)%)*'>+O!Q>!-/+#$'!4+/*'a!*+2!$'E'8)'!+6!/.5$6!*?/>%&6!$6!SDD3O!!
,6/+>!/'+2%u+$6)!*')*')!4+/+!$%H'/'#*')!&6>4/%>'#*6)!$6!&%#*%2+$6/!^C!'!<f!>>_!'!&6>!Ev/%+)!H6#*')!
/+$%6+&*%E+)!^0+1'2+!COA_O!!
0+1'2+!COAP!,6#*')!$'!/+$%+:;6!.)+$+)!#6!')*.$6!$6!$')'>4'#G6!$6!SDD3!+!7f!63O!
]/,-5!! L,5.7"8!BE0"8! ND-"#"0805!
! xÉ'X! xµ3%!
:/O'(! 7<<! Ü<ff!
:6O$*(! F<<! Aa<C!
:/O)P! 77I@! Üfa<A!
!
T!SDD3!H6%!462+/%u+$6!+!FiaI!X!/'-%)*+#$68)'!.>+!&6//'#*'!$'!fa7I!µKO!T)!')4'&*/6)!61*%$6)!')*;6!
/'4/')'#*+$6)!#+!,%-./+!CO7IO!
!
,%-./+!CO7IP!Q)4'&*/6)!$'!&%#*%2+:;6!61*%$6)!&6>!6!SDD3!64'/+#$6!+!7f!f3O!
9#%&%6.8)'! 6! ')*.$6! 4+/+! +! H%1/+! &6>! <f! >>! t.+#$6! %//+$%+$+! 4'2+)! $%H'/'#*')! H6#*')O! K! ')*+!
*'>4'/+*./+!Äv!)'!'E%$'#&%+!.>+!4't.'#+!&6#*/%1.%:;6!$+!H6#*'!$'!368CI!^,%-./+!CO7I!8!/6)+_a!t.'!#6!
'#*+#*6! ?! t.+)'! %#)%-#%H%&+#*'O! K! H6#*'! $'! 368Ff! .*%2%u+$+! ?! $'! +&*%E%$+$'! /'$.u%$+a! +%#$+! +))%>a!
&6#)%$'/+#$6!6!')4'&*/6!$'!/'H'/J#&%+!?!46))5E'2!$%)*%#-.%/!6!)%#+2!+))6&%+$6!!&%#*%2+:;6!6/%-%#+$+!4'2+!
H6#*'!$'!368Ff!^,%-./+!CO7I!8!+>+/'26_O!D+/+!+!>')>+!H6#*'a!>+)!&6>!C!>>!$'!&%#*%2+$6/!?!%-.+2>'#*'!
46))5E'2!61)'/E+/!6!)%#+2!$'!&%#*%2+:;6!^,%-./+!CO7I!8!E'/$'_O!0+2!4'/>%*'!E'/%H%&+/!)'/!46))5E'2!.)+/!.>!
&6>4/%>'#*6! $'! &%#*%2+$6/! %#H'/%6/! '! +6! >')>6! *'>46! 4'/>%*'! >'2G6/+/! +! /')62.:;6! ')4+&%+2! $6!
$6)5>'*/6O!
36>!')*')!')*.$6)!>6)*/+>6)!+%#$+!t.'!?!46))5E'2!2'/!+!/')46)*+!$6!$%)46)%*%E6!'>!>6$6!$'!&6#*+-'>!
$'!H6*;6!w#%&6a!6!t.'!46$'/v!+1/%/!#6E+)!4'/)4'&*%E+)!#+!$6)%>'*/%+!4+/+!1+%L+)!+&*%E%$+$')O!
  69 
!
!
!
!
!
!
!
!
3+45*.26!F !
T."B5".8!8#8H"823/!8/!@./-V-"@/!5!-.8G8HY/!M1-1./!
!
!
K! &+2%1/+:;6! $'! .>!$6)5>'*/6xH6#*')! 4+/+! 1/+t.%*'/+4%+! ?! .>!4/6&'))6! /'2+*%E+>'#*'! $%H5&%2a! )'#$6!
'))+! *+/'H+! %#&6>46/*vE'2! #6! &6#*'L*6! $6)! */+1+2G6)! /'+2%u+$6)O! ,6/+>a! &6#*.$6a! /'+2%u+$6)! +2-.#)!
*')*')!+H%>!$'!+H'/%/!+!2%#'+/%$+$'!$6!$6)5>'*/6!&6>!+!E+/%+:;6!$+!%#*'#)%$+$'!'!$+!'#'/-%+!$6)!H6*s')!
%#&%$'#*')O!T)!/').2*+$6)!);6!+4/')'#*+$6)!#6)!46#*6)!t.'!)'!)'-.'>O!
!
T#"#!<(1,(+)%1*3)(!&(!,+()D)',(!R!*/)4&(/!'3'7'%'/!
K4B)!E'/%H%&+/!+!/')46)*+!$6!$%)46)%*%E6!'>!>6$6!$'!&6#*+-'>!$'!H6*;6!w#%&6a!4/6&'$'.8)'!+!.>!#6E6!
')*.$6!+-6/+!'>!>6$6!$'!%#*'-/+:;6!$'!&+/-+!>'$%#$6!+!&6//'#*'!-'/+$+!#6!SDD3!&6>6!/').2*+$6!$+!
$'*'&:;6!$+!/+$%+:;6!#+!H%1/+!&%#*%2+$6/+O!D+/+!')*'!')*.$6!H6%!.)+$6!.>!*.16!$'!/+%68R!&6>!Å#6$6!$'!
>62%1$?#%6!'!Ä+#'2+!$'!1'/52%6!&6>!<C!!>!$'!')4'))./+!'!+!H%1/+!&%#*%2+#*'!H6%!&626&+$+!+!.>+!$%)*Å#&%+!
+4/6L%>+$+!$'!7C!&>!/'2+*%E+>'#*'!!Ä+#'2+!$6!*.16!$'!/+%68RO!K!/')46)*+!$6!$'*'&*6/!&6>!+!'#'/-%+!
$'46)%*+$+! H6%! +E+2%+$+! >+#*'#$6! +! &6//'#*'! #6! *.16! $'! /+%68R! +! .>! E+26/! &6#G'&%$6O! V'! )'-.%$+!
E+/%6.8)'!+!*'#);6!$')$'!6)!7f!É'X!+*?!+6)!Cf!É'X!'!/'-%)*6.8)'!+!E+/%+:;6!$+!&6//'#*'!#6!SDD3O!T)!
E+26/')!$+!&6//'#*'!H6/+>!2%$6)!$%/'&*+>'#*'!$+!H6#*'!$'!*'#);6!.)+$+!#+!462+/%u+:;6!$6!SDD3!^FiX_a!
64'/+#$6!+!<A!f3O!T)!/').2*+$6)!61*%$6)!')*;6!/'4/')'#*+$6)!#+!,%-./+!FO7O!
Capítulo 6 
 70 
!
,%-./+!FO7P!36//'#*'!#6!SDD3!6/%-%#+$+!4'2+!2.u!$'!&%#*%2+:;6!)61!6!'H'%*6!$'!/+%68R!$'!$%H'/'#*')!'#'/-%+)O!
T!*.16!$'!/+%68R!'>%*'!#.>+!-+>+!&6#*5#.+a!4'26!t.'!6!+.>'#*6!$+!*'#);6!#6!*.16!$'!/+%68Ra!+.>'#*+!
+! '#'/-%+! >vL%>+! $6)! H6*s')! /+%68R! '>%*%$6)a! +4')+/! $6! H'%L'! $'! /+%68R! %#&2.%/! *+>1?>! H6*s')! $'!
'#'/-%+!%#H'/%6/O!K!E'/>'2G6!^,%-./+!FO7_!')*v!/'4/')'#*+$+!+!+*'#.+:;6!#.>!H+#*6>+!$'!DSSK!&6>!
.>+! ')4'))./+! $'! 7C! >>O! T! &6>46/*+>'#*6! $6! $6)5>'*/6! &6>! 6! +.>'#*6! $+! '#'/-%+! $6)! /+%68R!
+4/6L%>+8)'!+!.>+!E+/%+:;6!&6>!H6/>+!'L46#'#&%+2O!36>4+/+#$6!+)!)?/%')!&6>!.>+!&6//'#*'!$'!7ff!'!
<ff!>Ka!E'/%H%&+8)'!t.'!.>+!>'#6/!&6//'#*'!#6!*.16!%>42%&+!>'#6/!'#'/-%+!$'46)%*+$+!#+!H%1/+a!6!t.'!
)'!*/+$.u!'>!>'#6/!&6//'#*'!#6!SDD3!&6>6!/').2*+$6!$'!>'#6/!2.u!$'!&%#*%2+:;6O!!
D+/+! ')*.$+/! ')*+! $'4'#$J#&%+a! $+! /')46)*+! $6! )%)*'>+! &6>! 6! +.>'#*6! $+! $6)'! ^+! t.+2! t.'! ?!
4/646/&%6#+2! +6! #w>'/6!$'! H6*s')! '>%*%$6)! 4+/+! .>!46*'#&%+2! $'! +&'2'/+:;6! H%L6_a! H6/+>! /'+2%u+$+)!
*/J)!)?/%')!$'!>'$%$+)!4+/+!$%H'/'#*')!*'#)s')!#6!*.16!%-.+%)!+!<fa!<C!'!@f!É'Xa!,%-./+!FO<a!>+#*'#$6!+!
*'>4'/+*./+!$6!SDD3!+!<A!f3O!
!
,%-./+!FO<P!K.>'#*6!$'!&6//'#*'!#6!SDD3!6/%-%#+$+!4'2+!2.u!$'!&%#*%2+:;6!&6>!+!$6)'O!
!
Primeira avaliação ao protótipo e trabalho futuro 
 71 
X'/%H%&+8)'!+!4+/*%/!$')*'!')*.$6!^,%-./+!FO7_a!t.'!+!&6//'#*'!$'!/')46)*+!#6!$6)5>'*/6!?!$%/'&*+>'#*'!
4/646/&%6#+2! ! &6//'#*'!$6! *.16!$'! /+%6)!R!'! 26-6!!$6)'!+1)6/E%$+!#+! H%1/+! &%#*%2+$6/+O!0+>1?>!)'!
E'/%H%&+!t.'!+!)'#)%1%2%$+$'!$6!)%)*'>+!?!'2'E+$+a!.>+!E'u!t.'!+4/')'#*+!.>+!/')46)*+!E%)5E'2!>')>6!
4+/+!E+26/')!1+%L6)!$+!&6//'#*'!$6!*.16!$'!/+%6)8R!^yCf!!"_O!
Q)*+! )'#)%1%2%$+$'! 4+/+! 1+%L+)! *+L+)! $'! /+$%+:;6! )B! ?! 46))5E'2! .>+! E'u! t.'! 6! SDD3! +4/')'#*+! .>!
-+#G6!'2'E+$6a!)%*.+:;6!$%H'/'#*'!$+!t.'!+&6#*'&'!t.+#$6!$+!.*%2%u+:;6!$'!.>!H6*6$56$6!&6#E'#&%6#+2!
^$'!-+#G6!.#%*v/%6_!'>!t.'!+!)'#)%1%2%$+$'!?!4'26!>'#6)!$.+)!6/$'#)!$'!-/+#$'u+!%#H'/%6/')!`7@cO!
!!
T#-#!U+%A%;S(!:4)4+(!
Xv/%6)!H+&*6/')!46$'>!&6#$%&%6#+/!6!$')'>4'#G6!$'!.>!$6)5>'*/6!&6>!+!&6#H%-./+:;6!$')&/%*+!'!+t.%!
$')'#E62E%$6O!T)!4/%#&%4+%)!H+&*6/')!+!>'2G6/+/!);6!6!+&642+>'#*6!&%#*%2+$6/xH%1/+!-.%+!'!6!)%)*'>+!$'!
+//'H'&%>'#*6!$6!H6*6$'*'&*6/O!K!&+2%1/+:;6!$6!$6)5>'*/6!'!&6>4+/+:;6!&6>!6.*/6)!*%46)!$'!$6)5>'*/6!
4'/>%*%/v!+E+2%+/!+!'H%&v&%+!$6!$6)5>'*/6!$')'#E62E%$6O!!
K! 64:;6! 4'2+)! H%1/+)! B4*%&+)! &%#*%2+#*')! 4'/>%*'a! '>! 4/%>'%/+! +#v2%)'a! 61*'/! .>! $6)5>'*/6! 4't.'#6!
'E%*+#$6!+))%>!+!4'/*./1+:;6!$6!&+>46!$'!/+$%+:;6!t.'!')*v!+! )'/!>'$%$6a! )'>!$'4'#$J#&%+!&6>!+!
*'>4'/+*./+a! &6>! 16+! /')62.:;6! ')4+&%+2! ^46$'#$6! )'/! >'2G6/+$+! +%#$+a! /'$.u%#$6! 6! E62.>'! $'!
&%#*%2+$6/_!'!$'!-/+#$'!)'#)%1%2%$+$'!6!t.'!46$'/v!)'/!1'#?H%&6!'>!)%*.+:s')!$'!'2'E+$6!-/+$%'#*'!$'!
$6)'O!Z+!1/+t.%*'/+4%+!46)*v*%&+!'!4'/+#*'!+!H6/>+!$'!$%)*/%1.%:;6!$+)!)'>'#*')!/+$%6+&*%E+)a!')4'/+8
)'! '#&6#*/+/! .>! '2'E+$6! -/+$%'#*'! $'! $6)'! #+! /'-%;6! H/6#*'%/+! $+! 4/B)*+*+O!V'E%$6! +6! )'.! &+/v&*'/a!
*'&%$6!'t.%E+2'#*'a!#;6!?!#'&'))v/%6!+42%&+/!H+&*6/')!$'!&6//'&:;6O!Z6!'#*+#*6!#.>+!H+)'!)'-.%#*'!)'/v!
%#*'/'))+#*'!&+2%1/+/!6!$6)5>'*/6!'!+E+2%+/!6!)'.!&6>46/*+>'#*6!)61!$%H'/'#*')!&6#$%:s')a!#;6!+4'#+)!
&6>! H6#*')! $'! 1/+t.%*'/+4%+! >+)! *+>1?>! 4+/+! &+>46)! $'! >+%6/! '#'/-%+! ^3(9ZK3_! .)+$6)! '!
/+$%6*'/+4%+O!T)! */+*+>'#*6)! &6>!6!3(9ZK3! );6! */+*+>'#*6)!$'! '2'E+$+!$6)'! '! '2'E+$+)! '#'/-%+)a! 6!
')*.$6!$6!$6)5>'*/6!&6>!')*'!+&'2'/+$6/!4'/>%*%/v!+E+2%+/!+!46))5E'2!4'/$+!$'!2%#'+/%$+$'!&6>!+!$6)'!
$'46)%*+$+O! 36>6! /'H'/%$6! #6! 3+4%*.26! <a! ?! &6#G'&%$6! t.'! +! '2'E+$+)! '#'/-%+)! +)! H%1/+)! B4*%&+)!
&%#*%2+#*')!'!#;6!&%#*%2+#*')!46$'>!)6H/'/!$+#6O!9-.+2>'#*'!/'H'/%$6a!$'!+&6/$6!&6>!o%&É!'!Y6.H+2!`CFc!
+!1+%L+)!$6)')!'!1+%L+)! *+L+)!$'!$6)'a!61)'/E6.8)'!4+/+!+! H%1/+!&%#*%2+#*'![3,87<!6!+4+/'&%>'#*6!$'!
&'#*/6)!$'!+1)6/:;6!%#)*vE'%)!$'!&./*+!$./+:;6O!Q)*'!+)4'&*6!).)&%*+!+2-.>+!4/'6&.4+:;6!'!$'E'/va!'>!
*/+1+2G6)!H.*./6)a!)'/!+E+2%+$6!6!)'.!%>4+&*6!#6!$')'>4'#G6!$6!$6)5>'*/6O!D6/!'))+!/+u;6a!>+)!#;6!
'L&2.)%E+>'#*'a!)'/v!%#*'/'))+#*'!/'+2%u+/!6.*/6)!')*.$6)!+E+2%+#$6!+!$'4'#$J#&%+!&6>!+!*+L+!$'!$6)'!
+))%>!&6>6!+!$'4'#$J#&%+!+#-.2+/O!
Z+)! &6#$%:s')! )61! +)! t.+%)! 6! $6)5>'*/6! H6%! ')*.$+$6a! '! 4'2+! +#v2%)'! ')4'&*/+2! #;6! H6%! 61)'/EvE'2! 6!
/.5$6!+))6&%+$6!+6!'H'%*6!$'!3G'/'#É6EO!V'!.>!>6$6!-'/+2!+)!H6#*')!$'!/+$%+:;6!.)+$+)!'/+>!$'!1+%L+!
'#'/-%+a! #6! '#*+#*6! 6! 3)87@I! *'>! '>%));6! -+>+! &6>! '#'/-%+! $'! F<<! É'XO! U+1'8)'! t.'! +! 2.u! $'!
3G'/'#É6E!?!$'!1+%L+! %#*'#)%$+$'!/+u;6!4'2+!t.+2!46$'/va!+4+/'#*'>'#*'a!#;6!)'!$%)*%#-.%/!$6!/.5$6!
$6!4/B4/%6!)%)*'>+!^'O-O!+50&(#*=*9)+G4'9(#*#&%+f#9(54)/_O!36>6!/'H'/%$6a!'>!1/+t.%*'/+4%+!);6!.)+$+)!
Capítulo 6 
 72 
H6#*')! $'! 1+%L+! '#'/-%+a! $'! .>!>6$6! -'/+2! %#H'/%6/! +! <ff! É'Xa! 6! t.'! ')*v! #6! 2%>%*'!>5#%>6! 4+/+! +!
6&6//J#&%+! $6! 'H'%*6! $'! 3G'/'#É6EO! Q)*'! ?a! #6! '#*+#*6a! .>! +)4'&*6! t.'! #;6! 46$'/v! )'/! $'%L+$6! $'!
+E+2%+/!#.>+!)%*.+:;6!&25#%&+O!
T!.)6!$6)!SDD3)!&6>6!H6*6$'*'&*6/!?!4/'46#$'/+#*'!#6!1+%L6!&.)*6!$6!$6)5>'*/6a!4'/>%*%$6!t.'!.>!
$6)5>'*/6! &6>6!6! +t.%! ')*.$+$6!46$'/v! &.)*+/! +4'#+)! <fÖ!$6)! $6)5>'*/6)! +&*.+%)! ^&6>!.>!&.)*6!
-'/+2>'#*'!).4'/%6/!+6)!å7fff_O!
!
!
!
  73 
!
!
!
!
!
!
!
!
3+45*.26!I !
:/,DH163/!
!
Q)*'! *'L*6! ).>+/%+! 6)! /').2*+$6)! $'&6//'#*')! $+! %#E')*%-+:;6! 'H'&*.+$+! 4+/+! +E+2%+:;6! $+! 46))5E'2!
+42%&+:;6!$'!H%1/+)!B4*%&+)!&%#*%2+#*')!'!$6!#6E6!*%46!$'!H6*6$'*'&*6/')!^U%DS_!'>!$6)%>'*/%+!$'!1+%L+!
$6)'O!T)!*/+1+2G6)!H6/+>!/'+2%u+$6)!'#*/'!,'E'/'%/6!'!T.*.1/6!$'!<f7fa!#6!V'4+/*+>'#*6!$'!,5)%&+!$+!
N#%E'/)%$+$'! $'! KE'%/6! #6! Å>1%*6! $6! S')*/+$6! '>! S+*'/%+%)! '! V%)46)%*%E6)! [%6>?$%&6)!
^V'4+/*+>'#*6!$'!Q#-'#G+/%+!3'/Å>%&+!'!X%$/6_O!!
U'! 46/! .>! 2+$6! 6! .)6! $'! &%#*%2+$6/')! '>! $6)%>'*/%+! *'>! )%$6! $%)&.*%$6! +6! 26#-6! $+)! $.+)! w2*%>+)!
$?&+$+)a! +! +42%&+:;6! $'! H%1/+)! B4*%&+)! &%#*%2+#*')! '>! $6)%>'*/%+! $v! +%#$+! 6)! 4/%>'%/6)! 4+))6)O! T!
*/+1+2G6! +t.%! $')'#E62E%$6! &6#)*%*.%! .>+! 4/%>'%/+! +16/$+-'>! ! +42%&+:;6! $+)! H%1/+)! B4*%&+)!
&%#*%2+#*')! '>! &6#Ä.#*6! &6>! 6)! U%DS)! '>! $6)%>'*/%+! 4+/+! 1/+t.%*'/+4%+O! K))%>a! 6! /').2*+$6! $6)!
*/+1+2G6)!$')'#E62E%$6)!>6)*/+!+!E%+1%2%$+$'!$+!+42%&+:;6!$'!H%1/+)!B4*%&+)!&%#*%2+#*')!'>!$6)%>'*/%+!
$'!1+%L+!*+L+!$'!$6)'O!T)!U%DS!.*%2%u+$6)!#')*'!')*.$6a!4/6$.u%$6)!4'2+!g+>+>+*).a!>6)*/+>8)'!&6>6!
.>!'L&'2'#*'!*%46!$'!H6*6$'*'&*6/a!+))6&%+$6!+6!)'.!/'$.u%$6!&.)*6a!E'/)+*%2%$+$'!'!/61.)*'uO!K4')+/!$'!
6! SDD3! 64'/+/! '>! >6$6! $'! &6#*+-'>! $'! H6*;6! w#%&6a! $'E%$6! +6! /.5$6! *?/>%&6! Ev/%6)! 4%L?%)! );6!
$%)4+/+$6)!)'>!t.'!)'Ä+>!+&*%E+$6)!46/!.>!H6*;6a!'H'%*6!E'/%H%&vE'2!>')>6!64'/+#$6!+!7f! f3O!K%#$+!
+))%>a!E'/%H%&6.8)'!t.'!64'/+#$6!'>!>6$6!$'!4.2)6!')*+!)%*.+:;6!46$'!)'/!&6#*6/#+$+a!.>+!E'u!t.'!?!
46))5E'2!+!$%)&/%>%#+:;6!$6)!'E'#*6)!6/%-%#+$6)!46/!/.5$6!*?/>%&6!$6)!'E'#*6)!/').2*+#*')!$+! 2.u!$'!
&%#*%2+:;6a! >')>6! '>! )%*.+:s')! 2%>%*'! $'! /'$.u%$+! *+L+! $'! $6)'O! T! /.5$6! +))6&%+$6! ! '2'&*/B#%&+! ?!
&2+/+>'#*'! %#H'/%6/!+!faC! H6*6'2'&*/s')!)'#$6!H+&%2>'#*'!/'>6E%$6!4'2+!+42%&+:;6!$'!.>!)W+*/W(=&!#+!
&6#E'/);6!KxVO!K!'2'&*/B#%&+!+#+2B-%&+!$')'#E62E%$+!4'/>%*'!.>!/v4%$6!4/6&'))+>'#*6!$6!)%#+2!4+/+!
46)*'/%6/! +t.%)%:;6! '! &6#E'/);6! '>! )%#+2! $%-%*+2O! K! $'*'/>%#+:;6! $'! $6)'! '>! *'>46! /'+2! '! '4SQ'Q(#
&6#)*%*.'>!&+/+&*'/5)*%&+)!'))'#&%+%)!#.>!$6)5>'*/6!+$+4*+$6!+!1/+t.%*'/+4%+O!K!&6#H%-./+:;6!+&*.+2!
Capítulo 7 
 74 
$6!$6)5>'*/6!4'/>%*'!6!)'.!H.#&%6#+>'#*6!'>!>6$6!$'!4.2)6a!&6>6!+2*'/#+*%E+!+6!>6$6!$'!&6//'#*'O!
X'/%H%&6.8)'!t.'!+6!64'/+/!'>!>6$6!$'!4.2)6!?!46))5E'2!$'*'&*+/!1+%L6)!#5E'%)!$'!/+$%+:;6O!Z6!'#*+#*6a!
64'/+#$6!$')*+! H6/>+!?!#'&'))v/%6!+!+t.%)%:;6!$6!)%#+2!'!46)*'/%6/!+#v2%)'!$+!%#H6/>+:;6!&6#*%$+!#6!
')4'&*/6O!D+/+!t.'!+!%#H6/>+:;6!)'Ä+!61*%$+!'>!*'>46!/'+2a!#6>'+$+>'#*'!+!*+L+!$'!$6)'a!?!#'&'))v/%6!
$')'#E62E'/!)6H*á+/'!4+/+!+!+#v2%)'!')4'&*/+2!$'!H6/>+!+.*B#6>+O!0+>1?>a!'L&'2'#*')!)'#)%1%2%$+$')!
H6/+>!61)'/E+$+)!&6>!6!$6)5>'*/6!+!64'/+/!'>!>6$6!$'!&6//'#*'!>')>6!4+/+!1+%L+!*+L+!$'!/+$%+:;6!
'!H6*s')!$'!>.%*6!1+%L+!'#'/-%+!^Ü7f!É'X_O!U+2%'#*'8)'!+%#$+!t.'!+!64'/+:;6!'>!>6$6!$'!%>4.2)6!'!'>!
>6$6!$'! &6//'#*'!46$'>!)'/! /'+2%u+$+)! +6!>')>6! *'>46a! #;6!G+E'#$6! +!#'&'))%$+$'!$'! +$+4*+/! 6!
)%)*'>+!4+/+!&+$+!&+)6O!!
T!$6)5>'*/6!')*.$+$6a!$'E%$6!+6!)'.!/'$.u%$6!E62.>'!'!+4/')'#*+#$6!'2'E+$+!)'#)%1%2%$+$'a!&6#)*%*.%!
'>! 4/%>'%/+! +#v2%)'! .>+! +2*'/#+*%E+! E%vE'2! 4+/+! $'*'/>%#+:;6! $+! $6)'! '>! 1/+t.%*'/+4%+O! 36#*.$6a!
4+/+! +42%&+:;6! +! #5E'2! &25#%&6! ?! 'L%-%$6! .>! &6#G'&%>'#*6!>+%)! 4/6H.#$6! $')*'! *%46! $'! $')%-#! +t.%!
4/646)*6O!K!'2'E+$+!4/'&%);6!'!'L+&*%$;6!$6!$6)5>'*/6!?!4/'46#$'/+#*'a!.>+!E'u!t.'!')*v!'>!&+.)+!+!
+E+2%+:;6! $+! $6)'! +! t.'! 6! 4+&%'#*'! ')*v! ).Ä'%*6a! 46$'#$6! ')*'! $6)5>'*/6! )'/E%/! 4+/+! /'&*%H%&+:;6! $+!
$6)'O! D+/+! +*%#-%/! ')*+)! &+/+&*'/5)*%&+)a! ?! #'&'))v/%6! +E+2%+/! 46))5E'%)! H+&*6/')! $'! E+/%+1%2%$+$'! #+!
$'*'/>%#+:;6! $+! $6)'a! &6>6! 46/! 'L'>426! $'4'#$J#&%+! +#-.2+/a! E+/%+:;6! &6>! +! *'>4'/+*./+a!
)+*./+:;6a!'*&O!!
T! 1+%L6! &.)*6! ?! .>! H+&*6/! %#*'/'))+#*'! H+E6/'&'#$6! +! &6#H%-./+:;6! ')*.$+$+O! Q)*+! )'/v! .>! $6)!
4/%#&%4+%)!+*/+&*%E6)!$')*'!*%46!$'!$6)5>'*/6)O!T!&.)*6!$'!.>!SDD3!/6#$+!6)!åFf!^E+26/')!'>!r.#G6!$'!
<f7fa!g+>+>+*)._a!)'#$6!*+>1?>!46.&6!)%-#%H%&+*%E6!6!&.)*6!+))6&%+$6!)!H%1/+)!B4*%&+)O!9)*6!4'/>%*'!
t.'! +! )'&:;6! )'#)5E'2! $6! $6)5>'*/6! ^H%1/+! B4*%&+! &%#*%2+#*'! '! H%1/+! B4*%&+! -.%+_! )'Ä+>! $')&+/*vE'%)O!
Z'))'!)'#*%$6!)'/v!646/*.#6!+4'/H'%:6+/!6!+&642+>'#*6!H%1/+8SDD3O!V'!.>!>6$6!-'/+2a!6!&.)*6!$')*')!
$6)5>'*/6)! 46$'/v! )'/!>.%*6! /'$.u%$6! &6>4+/+*%E+>'#*'! ! -'#'/+2%$+$'!$6)! $6)5>'*/6)a! &6>6!46/!
'L'>426!6)!STU,Q0!t.'!/6#$+>!6)!å7fffO!!
!
!
  75 
 
!
!
!
!
!
!
!
!
='H'/J#&%+)!
!
 
[1] A. C. Society. (2010). Prostate Cancer Overview. Available: 
http://www.cancer.org/Cancer/ProstateCancer/OverviewGuide/index 
[2] L. S. Dimos Baltas, and Nikolaos Zamboglou, The physics of modern brachytherapy for oncology: 
CRC Press, 2007. 
[3] B. J. McParland and SpringerLink (Online service). (2010). Nuclear medicine radiation dosimetry 
advanced theoretical principles  [SpringerLink]. Available: http://dx.doi.org/10.1007/978-1-84882-
126-2 MIT Access Only 
[4] M. E. M. Haertel, "Estudo do protocolo de cálculos dosimétricos em braquiterapia com sementes 
implantáveis," Centro de Ciências Físicas e Matemáticas, Departamento de Física, Universidade 
Federal de Santa Catarina, Florianópolis, 2007. 
[5] E. S. f. T. R. a. Oncology, The GEC ESTRO Handbook of Brachytherapy, 2002. 
[6] E. B. Podgorsak and International Atomic Energy Agency., Radiation oncology physics : a 
handbook for teachers and students. Vienna: International Atomic Energy Agency, 2005. 
[7] D. o. R. Oncology and T. B. S. o. M. a. E. C. University. (2010). Prostate Seed Implants. Available: 
http://www.ecu.edu/radiationoncology/prostateseedimplants.htm 
[8] R. International. (2010). Advances in Prostate Brachytherapy edition. Available: 
http://www.radpro.org.uk/news/newsletter15/newsletter15.html 
[9] B. A. Group. (2010). Prostate brachytherapy info. Available: 
http://www.prostatebrachytherapyinfo.net/PCT21.html 
[10] J. Robinson, "VERIFICATION OF DIRECT BRACHYTHERAPY DOSIMETRY FOR A SINGLE 
SEED IMPLANT," Master, The Department of Physics and Astronomy, Louisiana State University, 
2006. 
[11] J. G. Webster, Measurement, Instrumentation, and Sensors Handbook: CRC Press LLC, 1999. 
[12] F. H. Attix, Introduction to radiological physics and radiation dosimetry. New York: Wiley, 1986. 
[13] F. Rego and L. Peralta, "Scintillating Optical Fiber Dosimetry with Photodiode Readout," NSS MIC, 
2006. 
[14] T. J. K. A. S. Beddar, A. Ikhlef, and C. H. Sibata, "A Miniature “Scintillator-Fiberoptic-PMT” 
Detector System for the Dosimetry of Small Fields in Stereotactic Radiosurgery," IEEE 
TRANSACTIONS ON NUCLEAR SCIENCE, vol. 48, June 2001 2001. 
[15] M. D. C. LOPES. (2007) Um século de terapia com radiação. Gazeta de Física.  
[16] T. N. Jamil Lambert, Susan H. Law, Natalka Suchowerska, and S. C. F. David R. McKenzie, "A 
Fibre Optic Dosimeter for Prostate Cancer Therapy," in ACOFT/AOS 2006 Melbourne Australia, 
2006. 
Referências 
 76 
[17] A. R. Beierholm, et al., "A comparison of BCF-12 organic scintillators and Al2O3:C crystals for 
real-time medical dosimetry," Radiation Measurements, vol. 43, pp. 898-903, 2008. 
[18] C. E. A. Marianne C Aznar, Lars Bøtter-Jensen, Sven A° J Back, Soren Mattsson, Flemming Kjær-
Kristoffersen and Joakim Medin2, "Real-time optical-fibre luminescence dosimetry for 
radiotherapy: physical characteristics and applications in photon beams," PHYSICS IN MEDICINE 
AND BIOLOGY, vol. 49, pp. 1655-1669, 2004. 
[19] M. S. Akselrod, et al., "Optically stimulated luminescence and its use in medical dosimetry," 
Radiation Measurements, vol. 41, pp. S78-S99, 2006. 
[20] R. Gaza, et al., "A fiber-dosimetry method based on OSL from Al2O3:C for radiotherapy 
applications," Radiation Measurements, vol. 38, pp. 809-812, 2004. 
[21] J. A. Tanyi, et al., "Performance characteristics of a gated fiber-optic-coupled dosimeter in high-
energy pulsed photon radiation dosimetry," Applied Radiation and Isotopes, vol. 68, pp. 364-369, 
2010. 
[22] P. Molina, et al., "Characterization of a fiberoptic radiotherapy dosimetry probe based on 
Mg2SiO4:Tb," Radiation Measurements, vol. 45, pp. 78-82, 2010. 
[23] A. Ismail, et al., "Radiotherapy quality insurance by individualized in vivo dosimetry: State of the 
art," Cancer/RadiothÈrapie, vol. 13, pp. 182-189, 2009. 
[24] A. S. Beddar, "Plastic scintillation dosimetry and its application to radiotherapy," Radiation 
Measurements, vol. 41, pp. S124-S133, 2006. 
[25] Ehamberg: Ehamberg, 2009, p. Alfa beta gamma radiation penetration. 
[26] Knoll, Glenn Frederick, Radiation detection and measurement, 3rd ed ed. Hoboken (NJ): John 
Wiley, 2000. 
[27] C. Leroy and P. G. Rancoita, Principles of radiation interaction in matter and detection, 2nd ed. 
Singapore ; Hackensack, NJ: World Scientific, 2009. 
[28] C. Grupen, et al., Particle detectors, 2nd ed. Cambridge, UK ; New York: Cambridge University 
Press, 2008. 
[29] P. Sprawls, The Physical Principles of Medical Imaging, 2nd ed., 1993. 
[30] J. T. Bushberg, The essential physics of medical imaging, 2nd ed. Philadelphia: Lippincott Williams 
& Wilkins, 2002. 
[31] M. F. L'Annunziata, Handbook of radioactivity analysis, 2nd ed. Amsterdam ; Boston: Academic 
Press, 2003. 
[32] W. R. Leo, Techniques for nuclear and particle physics experiments : a how-to approach, 2nd rev. 
ed. Berlin ; New York: Springer, 1994. 
[33] H. Cember and T. E. Johnson, Introduction to health physics, 4th ed. New York: McGraw-Hill 
Medical, 2009. 
[34] J. E. Turner, Atoms, Radiation, and Radiation Protection, 2007. 
[35] A. A. o. P. i. Medicine, "Dosimetry of Interstitial Brachytherapy Sources,"  REPORT NO. 51, 1992. 
[36] M. J. R. e. al, "A revised AAPM protocol for brachytherapy dose calculations," Medical Physics, 
vol. 31, 2004. 
[37] J. Fraden, Handbook of modern sensors : physics, designs, and applications, 2nd ed. Woodbury, 
N.Y.: American Institute of Physics, 1997. 
[38] S. N. Ahmed, Physics and engineering of radiation detection, 1st ed. San Diego ; London: 
Academic Press, 2007. 
[39] S.-G. Crystals, "Scintillating Optical Fibers," 2008. 
[40] J. S. H.-C. Schultz-Coulon, "The Physics of Particle Detectors," 2010. 
[41] I. R. Sinclair, Sensors and transducers, 3rd ed. Oxford [England] ; Boston: Newnes, 2000. 
[42] R. Gutierrez-Osuna, "Sensor characteristics," Wright State University, 2010. 
[43] K. Kalantar-zadeh and B. N. Fry, Nanotechnology-enabled sensors. New York: Springer, 2008. 
[44] e. a. Kyoung Won JANG, "Characterization of a Scintillating Fiber-optic Dosimeter for Photon 
Beam Therapy," Opticla review, 2009. 
[45] D. R. M. J Lambert, S Law, J Elsey and N Suchowerska, "A plastic scintillation dosimeter for high 
dose rate brachytherapy " Physics in Medicine and Biology vol. 51, 2006. 
[46] N. S. a. S. H. L. A Sam Beddar, "Plastic scintillation dosimetry for radiation therapy: minimizing 
capture of Cerenkov radiation noise " PHYSICS IN MEDICINE AND BIOLOGY, vol. 49, pp. 783-
790, 2004. 
[47] N. Suchowerska, et al., "A fibre optic dosimeter customised for brachytherapy," Radiation 
Measurements, vol. 42, pp. 929-932, 2007. 
  77 
[48] L. ARCHAMBAULT, "ÉLABORATION D’UN DOSIMÈTRE À FIBRES SCINTILLANTES," 
PhD, FACULTÉ DES SCIENCES ET DE GÉNIE, UNIVERSITÉ LAVAL, Québec, 2005. 
[49] G. Bartesaghi, et al., "A scintillating fiber dosimeter for radiotherapy," Nuclear Instruments and 
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated 
Equipment, vol. 581, pp. 80-83, 2007. 
[50] D. C. Konnoff, et al., "SSPM based radiation sensing: Preliminary laboratory and clinical results," 
Radiation Measurements, vol. In Press, Corrected Proof, 2010. 
[51] M. M. Nasseri, et al., "Sensitivity of plastic scintillating fiber optic for X and [gamma] radiation, a 
simulation study," Sensors and Actuators A: Physical, vol. 122, pp. 64-67, 2005. 
[52] L. Zimmer, et al., "SIC, an Intracerebral {beta}+-Range-Sensitive Probe for Radiopharmacology 
Investigations in Small Laboratory Animals: Binding Studies with 11C-Raclopride," The Journal of 
Nuclear Medicine, vol. 43, pp. 227-233, 2002. 
[53] J. Blaha, et al., "Scintillating and light guide fibers in gamma radiation field," Czechoslovak Journal 
of Physics, vol. 50, pp. 387-396, 2000. 
[54] J. Gamelin, et al., "A prototype hybrid intraoperative probe for ovarian cancer detection," Opt. 
Express, vol. 17, pp. 7245-7258, 2009. 
[55] R. Nowotny, "Radioluminescence of some optical fibres,"    Physics in Medicine and Biology vol. 
52, 2007. 
[56] K. Wick and T. Zoufal, "Unexpected behaviour of polystyrene-based scintillating fibers during 
irradiation at low doses and low dose rates," Nuclear Instruments and Methods in Physics Research 
Section B: Beam Interactions with Materials and Atoms, vol. 185, pp. 341-345, 2001. 
[57] B. Wulkop, et al., "Evidence for the creation of short-lived absorption centers in irradiated 
scintillators," Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions 
with Materials and Atoms, vol. 95, pp. 141-143, 1995. 
[58] J. Blaha, et al., "Scintillating fibers for particle physics experiments--on-line-induced absorption 
measurements in gamma radiation field," Radiation Measurements, vol. 38, pp. 805-808, 2004. 
[59] W. Busjan, et al., "On the behaviour of plastic scintillators during an experiment in a high dose rate 
environment," Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions 
with Materials and Atoms, vol. 151, pp. 434-437, 1999. 
[60] A.-M. Frelin, et al., "Comparative Study of Plastic Scintillators for Dosimetric Applications," 
Nuclear Science, IEEE Transactions on vol. 55, 2008. 
[61] J. H. H. a. S. M. Seltzer. (1996, 01.10.2010). X-Ray Mass Attenuation Coefficients. Available: 
http://physics.nist.gov/PhysRefData/XrayMassCoef/tab4.html 
[62] O. Ziemann and SpringerLink (Online service). (2008). POF handbook optical short range 
transmission systems (2nd ed.) [SpringerLink]. Available: http://dx.doi.org/10.1007/978-3-540-
76629-2 MIT Access Only 
[63] M. R. Arnfield, et al., "Radiation-induced light in optical fibers and plastic scintillators: application 
to brachytherapy dosimetry," Nuclear Science, IEEE Transactions on vol. 43, pp. 2077 - 2084, 
1996. 
[64] S. H. Law, et al., "!erenkov radiation in optical fibres," in Optical Fibre Technology/Australian 
Optical Society, 2006., Melbourne, 2006. 
[65] N. Tsoulfanidis, Measurement and detection of radiation, 2nd ed. Washington, DC: Taylor & 
Francis, 1995. 
[66] S. F. d. Boer, et al., "Optical filtering and spectral measurements of radiation-induced light in plastic 
scintillation dosimetry " Physics in Medicine and Biology, vol. 38, 1993. 
[67] P. Naseri, et al., "Scintillation dosimeter arrays using air core light guides: simulation and 
experiment," PHYSICS IN MEDICINE AND BIOLOGY, vol. 55, 2010. 
[68] Avago, "Plastic Optical Fiber," 2002. 
[69] A. F. Fernandez, et al., "Real-time fibre optic radiation dosimeters for nuclear environment 
monitoring around thermonuclear reactors," Fusion Engineering and Design, vol. 83, pp. 50-59, 
2008. 
[70] A. C¸neyt Tas, "Synthesis of biomimetic Ca-hydroxyapatite powders at 37"C in synthetic body 
fluids," Biomaterials, vol. 21, pp. 1429-1438, 2000. 
[71] W. Becker, Advanced time-correlated single photon counting techniques: Springer, 2005. 
[72] R. P. Electronics. (2009, 01.10.2010). Philips Digital Photon Counting Press Release. Available: 
http://www.research.philips.com/initiatives/digitalphotoncounting/news/091008-photon-
counting.html 
Referências 
 78 
[73] M. Danilov, "Scintillator tile hadron calorimeter with novel SiPM readout," Nuclear Instruments 
and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated 
Equipment, vol. 581, pp. 451-456, 2007. 
[74] Hamamatsu, "Multi-Pixel Photon Counter," H. Photonics, Ed., 2009. 
[75] S. D. Senturia, Microsystem design. Boston: Kluwer Academic Publishers, 2001. 
[76] M. Pachchigar, "Design Considerations for a Transimpedance Amplifier," National Semiconductor, 
2008. 
[77] D. Bailey and E. Wright, Practical Fiber Optics: Newnes, 2003. 
 
  79 
!
!
!
!
!
!
!
!
K#'L6)!
!
 
  
Anexos 
 80 
Anexo A 
 
 
 
 
 
  81 
 
  
Anexos 
 82 
Anexo B 
 
 
 
 
